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Prevalence of Root Canal Morphology in Maxillary Premolars of
Northern Part of Karnataka State, India: An In-Vitro Study
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Abstract

Aim: To study the root canal morphology in maxillary first and second premolars and classify the canal
configuration according to Weine. Materials and Methods: 100 maxillary teeth (50 first premolar and 50
second premolar) were selected for the study. The teeth were cleared using clearing technique. The canal
morphology was studied and classified according to Weine. Results: Maxillary first premolars showed 26%
type L, 0% type 11, 56% type I1L, 18% type IV configuration and maxillary second premolars showed 34%
typel, 12% type 11, 42% type 111, 12% type IV configuration. Conclusion: The canal configuration studied and
classified showed that type Ill predominated in both maxillary first and second premolars. Clinical significance:
This study helps the undergraduate and postgraduate students to know the prevalence of type of canal
configuration in maxillary premolars of northern part of Karnataka state, India. Also, helps in knowing the
anatomy of teeth so that a successful endodontic therapy can be rendered to the patient.
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Introduction

Dental pulp is a soft gelatinous, living,
cellular tissue of ectomesenchymal origin
having various functions. It is enclosed within
bilayered mineralized structures namely
enamel and dentin. The hard tissue
encompassing the dental pulp can take a
variety of configurations and shapes. The root
canal anatomy in human teeth has not
changed for hundreds of years. However,
earlier studies proved to be inaccurate for some
inexplicable reason.[1] The canal anatomy and
its complexity has been attempted to be
classified by many researchers. Hess and
Zurcher and the most recent studies
demonstrate the anatomic complexities of the
root canal system. It has been established that
a root with a tapering canal and a single
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foramen is the exception rather than the rule.
Investigators also have shown the presence of
multiple foramen, additional canals, deltas,
loops, c-shaped canals, furcation and lateral
canals.[2]

Hence, for a successful treatment in
Endodontics, a thorough knowledge of tooth
morphology, careful interpretation of angled
radiographs, adequate access to canal orifice,
explanation of the tooth’s interior is required.
Various methods are used to study the
morphology and canal anatomy of human
teeth.

Conventional radiography which is
commonly used during endodontic treatment
is one of the methods to study the root canal
anatomy. However, radiograph gives a two
dimensional representation of a three
dimensional object and is open for a wide
range of interpretation .The limitation in
defining certain aspects of root canal anatomy
are noteworthy. Root canals take a varied
course from orifice to apical foramen. Different
canal configurations exist depending on race,
ethinicity etc.

Weine gave a simple but a basic classification
of root canal morphology.[3] Also the
classification is based on endodontic therapy,
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specifically as recorded on radiographs taken
during and after endodontic treatment .It is
simple to use and is clinically oriented
classification. Vertucci found more complex
pulp space system and classified into 8
types.[4] But these types are merely variants
of that listed by Weine.

Hence, it is absolutely essential for an
operator to form a mental picture of pulp in
cross-section and longitudinal sections. Thus,
the aim of this study was to study and classify
the canal configurations according to Weine
by using tooth clearing technique.

Methodology

Freshly extracted 100 maxillary premolars
with closed root apex were selected for the
study from northern part of Karnataka state,
India visiting the institution. Teeth with root
resorption, cracks and fractures were not
selected for the study. Out of 100 selected teeth,
50 were maxillary first premolars and 50
second premolars. The teeth were stored in
saline until use. The teeth were then
decoronated with the help of a carborundum
disc. The teeth were then placed in 5.25%
sodium hypochlorite to dissolve the organic
tissue for few days. Methylene blue dye was
injected under pressure through the orifice of
the teeth with the help of a syringe and was
kept in methylene blue for one day.

The teeth were placed in 5% nitric acid for

Fig 1: Type 1

decalcification for three days. The acid was
changed daily till the end point of
decalcification occurred which was checked
by periodic radiographs.

Thereafter the teeth were washed in running
water for approximately 4 hours. Then the
decalcified teeth were dehydrated in 60%,
80%, 100% isopropyl alcohol sequentially for
8 hours, 4 hours and 2 hours respectively.

The teeth were then placed in xylene for 2
hours to clear. Then the cleared teeth were
preserved in methyl salicylate. The teeth were
visualized for the root canal configuration
under magnifying glass. The number of teeth
pertaining to the different canal configurations
were noted and classified according to Weine.

Results

The number of roots with different canal
configuration was detected by clearing
technique. The number of teeth with different
canal configuration in maxillary first and
second premolars was noted (Fig 1-Fig 4).

Maxillary first premolars
Type I -13 teeth (26%)
Type II - 0 teeth (0%)
Type 11I- 28 teeth (56%)
Type IV- 9 teeth (18%)

Fig 2: Type 2
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Fig 3: Type 3

Maxillary second premolars
Type I -17 teeth (33%)
Type II - 6 teeth (12%)
Type III- 21 teeth (42%)
Type IV- 6 teeth (12%)

Discussion

The prerequisite for accurate diagnosis,
treatment planning, and success of endodontic
treatment, knowledge of common root canal
morphology and its frequent variations is a
basic requirement. Though there is a
combination of canals present in the roots of
permanent teeth and canal takes a different
course between canal orifices to apex, it is
possible to categorize the canal system in a
very simple and basic manner as suggested by
Weine.[3]

Type 1: Single canal from the pulp chamber
to the apex.

Type 2: Two separate canals leaving the
chamber but merging short of the apex to form
only one canal.

Type 3: Two separate canals leaving the
chamber and exiting the root in separate apical
foramina.

Type 4: One canal leaving the pulp chamber
but dividing short of the apex into two separate
and distinct canals which separate canals and
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Fig 4: Type 4

apical foramina.

The study and examination of the root canal
system has become an obsession for
endodontists .Since, the early days of dentistry,
morphology of internal root anatomy has been
explored. Several methods have been used to
visualize the internal anatomy namely:

A) Radiographic method[5]
B) Cross-Section and Longitudinal Section[6]
C) Clearing Technique[4,7,8]

Recently, Computed Tomography Studies[9]
and Observation under dental Operating
Microscopes[10]

The internal anatomy of root canals often
does not represent the simplicity of the external
anatomy of the tooth. Due to its complexities
as shown in previous studies, this study uses a
technique which clears the tooth and helps in
visualizing the tooth three dimensionally.
Clearing a tooth now remains as a teaching
and research tool only.

Tooth Clearing Technique

Hermann Prinz in 1930 was the first one
who cleared a tooth successfully using a
protocol which was proposed by Spaltholz in
1906.This technique provides an advantage of

* Maintaining the original form of the root

e (Observation of minute details of root
canal morphology
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* Conservation of samples for long time[7]
* Inexpensive[7]
* easy to perform

This process involves many physical and
chemical changes .The inorganic contents are
first dissolved, dehydrated and then
cleared.[11]

Demineralization

Samples are demineralized by either using
5% Nitric acid[12]

20% Formic Acid[13]

5% Hydrochloric Acid[14]

In this study 5% nitric acid is used because
of its aggressive action and to reduce the time
of demineralization. It is simple to perform and
gives good results in few days as compared to
other methods. The acid was changed daily
till the end point of decalcification occurred
which was checked by periodic radiographs.

Dehydration

This consisted of a series of alcohol
(isopropyl alcohol ) rinses starting with 60%
per cent for 8 hours followed by 80% for 4
hours and 100% for 2 hours. This sequential
order from 60 to 100% was performed to
prevent high degree of shrinkage due to rapid
removal of water. Dehydration also involves
removal of air, water and lipid

components.[15]

Clearing

The dehydrated teeth were then placed in
xylene for 2 hours. Then the teeth were stored
in methylsalicylate. Xylene returns dentin
hardness but values are slightly lower to that
of normal dentin.[16] Methylsalicylate tolerates
more water and also increases the refractive
index of the tooth.[15,17]

The roots studied for the canal configuration
were classified according to Weine. Various
studies have been conducted to study the
canal configuration. The comparisons of canal
configuration as recorded by various authors
are noted in tables 1 and 2.[18-25]

There was a variation in the percentage of
canal configuration between the studies
conducted by various authors. This could be
due to numerous factors like the ethnicity,[7,8]
age,[26] gender,[23] and study design.[27] The
prevalence of type III canal configuration
predominated in both maxillary first and
second premolars.

A limitation of the study was lack of data
on intraexaminer reproducibility, although
experienced endodontists are relatively
consistent in radiographic interpretation.

Other applications of clearing technique are
to study the

e Canal instrumentation technique[14]

Table 1: Comparison of prevalence of canal configuration inmaxillary first premolar

Typel | Typell | Typelll | Type IV
Deepak Sharma, Meetu Mathur!® 5% 25% 45% 11.67%
Vertucci®® 8% 18% 62% 7%
LipskiM et al20 2.1% 82.4% 6.3% 9.2%
Present study 26% 0% 56% 18%

Table 2: Comparison of prevalence of canal configuration in maxillary second premolar

Type I | Typell | Typelll | Type IV
Vertuccit 48 22 11 6
Caliskan et al” 44 22 12 6
Kartal et al 22 48.6 6.3 37.99 4
Sert and Bayirili*® 32 20 25.5 6
Weng et al 2 27.7 36.9 33.8 -
Udayakumar Jayasimha Raj Sumitha Mylswamy?® 29.2 33.6 31.1 2.1
Present study 34% 12% 42% 12%
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* Effect of post design and its influence on
root fracture.[28]

* Penetration of human saliva on dentinal
tubules.[29]

* Sealer placement technique in curved
canals.[30]

* Micro leakage of root canal sealers.[31]

Conclusion

The clearing technique to analyse the root
canal configuration is an excellent teaching
tool. However, it is not useful for clinical
purposes as it is impractical. It is helpful for
novice dentist to create a mental picture of
canal anatomy. This helps in rendering a
successful restoration to the patient.

References

1. Cohen. Pathways of the pulp.9* ed. Mosby;
2006: 149.

2. Hess W, Zurcher E. The anatomy of the root
canals of the teeth of the permanent and
deciduous dentitions. New York: William
wood and Co; 1929.

3. Weine FS. Endodontic Therapy. 5*ed. USA:
Mosby; 1996, 243.

4. Vertucci FJ. Root canal morphology and its
relationship to endodontic procedures. Endo
Topics. 2005; 10: 3-29.

5. Willershausen B, Tekyatan H, Kasaj A,
Marroquin BB. Roentgenographic in vitro
investigation of frequency and location of
curvatures in human maxillary pre molars. |
Endod. 2006; 32: 307-11.

6. LuTY, Yang SF, PaiSF. Complicated root canal
morphology of mandibular first pre molars ina
Chinese population using the cross section
method. | Endod. 2006; 32: 932-6.

7. Gulabivala K, Aung TH, Alavi A, Ng YL. Root
canal morphology of Burmese mandibular
molars. Int | Endod. 2001; 34: 359-70.

8. AwawdehLA, Al-Qudah AA.Root form and
canal morphology of mandibular premolars in
a Jordanian population. Int | Endod. 2008; 41:
240-8.

Volume 6 Number 3, July - September 2013

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Reuben ], Velmurugon N, Kandaswamy D. The
evaluation of root canal morphology of the
mandibular first molar in an Indian population
using spiral computed tomography scan; Anin
vitro study. | Endod. 2008; 34: 121-129.

Sempire HN, Hartwell GR. Frequency of second
mesiobuccal canals in maxillary molars as
determined by use of an operating microscope:
A clinical study. | Endod. 2000; 26: 673-4.

Shivapathasundaram B, Finstein Thiruselvan
Berti A .Transparent toothmodel system. An
aid in the study of root canal anatomy. Int |
Dent Res. 2000; 11: 89-94.

Kasahara E,Yasuda E, Yamamoto A, Anzai M.
Root canal system of the maxillary central
incisor. | Endod. 1990; 16: 158-61.

O'Neill KJ, Pitts DL, Harrington GW.
Evaluation of the apical seal produced by the
McSpadden compactor of by lateral
condensation with a Chloroform softened
primary cone. | Endod. 1983; 9: 190-7.

Vertucci FJ. Root canal morphology of
mandibular pre molars. | Am Dent Assoc. 1978;
97: 47-50.

Culling CF. Handbook of Histopathological
and Histochemical techniques 3™ edition. Great
Britain: Butterworth and co 1td; 1974, 63-77.

Robertson D, Leeb IJ, Mckee M, Brewer E. A
clearing technique for the study of root canal
systems. | Endod. 1980; 6: 421-4.

SeelingA, Gillis R. Preparation of cleared
specimens for pulp cavity studies. [ Dent Res.
1973; 52: 115.

Sharma D, Mathur M. A computed
tomographic study of canal variations in
maxillary and mandibular first premolar teeth
injaipur population- An in-vitro study. People’s
| Dent Res. 2011; 4(1): 1-5.

Vertucci FJ. Root canal anatomy of human
permanent teeth. Oral Surg Oral Med Oral Pathol
Oral Radiol Endo. 1984; 58: 589-99.

Lipski M, Wozniak K, Lagoska R, Tomasik M.
Root canal morphology of the first human
maxillary premolar. Durham Anthropolgy
journal. 2005; 12: 2-3.

Caliskan MK, Pehlivan Y, Sepetcioglu F,
Turkun M, Tuncer S. Root canal morphology of
human permanent teeth in Turkish population.
J Endod. 1995; 21: 200-4.

Kartal N, Ozcelik B, Cimilli H. Root canal



106

23.

24,

25.

26.

27.

28.

Geeta S. Hiremath & Balaram Naik / Prevalence of Root Canal Morphology in Maxillary Premolars of Northern
Part of Karnataka State, India: An In-Vitro Study

morphology of maxillary premolars. | Endod.
1998; 24: 417-9.

Sert S, Bayirili GS. Evaluation of the root canal
configurations of the mandibular and
maxillary permanent teeth by gender in the
Turkish population. | Endod. 2004; 30: 391-8.

WengXL,YuSB, Zhao SL, Wang HG, Mu T,
Tnag RY. Root canal morphology of permanent
teeth in the Han nationality in Chinese
Guanzhong area: A new modified root canal
staining technique. | Endod. 2009; 35: 651-6.

JR Udaykumar. Root canal morphology of
maxillary second premolars in an Indian
population. | Conserv Dent. 2010; 13(3): 148-151.

Neaverth EJ, Kotler LM, Kaltenbach RF. Clinical
investigation (in vivo) of endodontically treated
maxillary first premolars. | Endod. 1987;13:
506-12.

Awawdeh L, Abdullah H, Al-Qudah A.root
form and canal morphology of Jordanian
maxillary first premolars. | Endod. 2008; 34:
956-61.

Felton DA, Webb EL, Kanoy BE, Dugoni].
Threaded endodontic dowels. Effect of post

29.

30.

31.

design on the incidence of root fracture. | Prost
Dent. 1991; 65:179-87.

Berutti E. Micro leakage of human saliva
through dentinal tubules exposed at the
cervical level in teeth treated endodontically.
Endod. 1996; 22: 579-82.

Hall MC, Clement DJ, Dove SB, Walker WA. A
comparison of sealer placement techniques in
curved canal. | Endod. 1996; 22: 638-42.

Sleder FS, Ludlow MO, Bohacek JR. Long term
sealing ability of a calcium hydroxide sealer. |
Endod. 1991; 17: 541-3.

Chinical/practice/practical implications

It is a very useful method to study the canal

configuration which leads to a better root canal
treatment. This study gives an idea about the
canal configuration of maxillary premolars of
north Karnataka population.
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