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ABSTRACT 
 
Preparation of curved root canals during endodontic 
treatment poses a great challenge. Appropriate 
diagnosis of the curvature of the root canal and 
selecting specialised instrumentation technique is pre 
requisite for successful treatment of curved canals. So 
the measurement of degree of curvature and 
knowledge of the complex internal anatomy are 
mandatory to reduce endodontic failure rates. The aim 
of the present literature survey was to present and 
evaluate existing canal curvature measuring 
techniques. 
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INTRODUCTION 
 
A tooth with root curvature is a normal finding 
rather a straight root and straight root canal is 
considered to be an exception.1 It is important to 
be familiar with variations in tooth anatomy 
because, such knowledge can aid location and 
negotiation of canals as well as their subsequent 
management. Endodontic treatment consists of 
different stages including access cavity preparat- 
ion, instrumentation, irrigation, obturation of root 

 
 
canal system which can all be influenced by root 
canal curvature.3 Although the development of 
new methods and improved instruments has led 
in recent decades to marked progress in root 
canal preparation, the shape and direction of the 
original long axis of curved canals are still 
susceptible to changes during preparation. One 
criterion for assessment of the preparation quality 
of curved root canals is preparation-induced 
straightening of the canal.4 
The most common factor accounting for 
preparation-induced deviations from the original 
axis is inadequate flexibility of the instruments 
used for preparation. Curvature in the roots 
invariably led to the development of various 
preparation instruments. With a flexibility 2-3 
times higher than that of stainless steel files, 
nickel-titanium (NiTi) files are helpful in the 
preparation of curved canals. Therefore it is 
imperative that one should be aware of the 
various methods of measuring the root canal 
curvature as it aids in the selection of the type of 
instruments and techniques used in endodontic 
therapy.4 This literature review describes and 
discusses different measuring techniques to 
evaluate canal curvature. 
 
METHODS TO MEASURE ROOT CANAL 
CURVATURES 
Angular measurement for determination of 
canal curvature 
 
SCHNEIDER METHOD  
 
In 1971, Schneider was the first to measure the 
root curvature mathematically. It is still used 
worldwide due to its practicality and simplicity. 
Schneider determined the curvature angle in 
relation to long axis of the tooth, and divided the 
degree of curvature of root canals into three 
categories: Straight (<5’), Moderate (I 0'-20') and 
Severe (25’-70’).  
A line was scribed on the radiograph parallel to 
the long axis of the canal (Fig.1). A second line 
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was drawn from the apical foramen (AF, point B) 
to intersect with the first at the point where the 
canal began to leave the long axis of the tooth 
(Point A). These two lines intersected at angle 
(X) as a measure of the change in direction of the 
long axis of the canal in relation to the long axis 
of the tooth (Fig-1). The disadvantage of this 
technique was that, it treats the long axis of teeth 
as equivalent to that of the root canal and the 
curvature of root canal between point A and point 
B cannot be determined. In  molars  the point 
where the two stated lines intersect ie; where the 
line leaves the long axis of the tooth is not 
defined and that curvature of s- shaped canals 
cannot be determined.9 
 
LUITEN TECHNIQUE  
 
Luiten et al used long axis of the canal for the 
measuring the canal curvature, two lines were 
drawn whose correct geometric definition was 
given by four points (Fig. 2).The first point is at 
the centre of the canal orifice (Point A). The 
second point is 2 mm below the orifice in the 
long axis of the canal (Point B). A line is drawn 
through Points A and point B. In the apical third 
of the root, the apical foramen forms Point D. 
Another point, Point C located I mm further 
coronal in the long axis of the canal, is selected to 
allow the second line to be drawn through the two 
points. The two lines through Points A & B and 
Point C &D, intersect at angle X.  
In many of root canal preparations, Gates 
Glidden burs are used for preflaring the coronal 
third of the canal. The shape of the canal orifice 
and thus the position of Points A and B is thus 
partially determined by the shape and size of the 
instruments used for preflaring.  
The disadvantage of this method is that, using 
two apical points are too close together to permit 
a reproducible line to be determined with 
certainty. In consequence, the angle measured by 
this method for the change in direction of the 
long axis of the canal is highly dependent on the 
reliable construction of Points A to D.11 
Pettiette et al introduced a new parameter 
described as the “curvature  radius” for 
measuring root canal curvature. The technique is 
similar to that presented by Luiten et a1. 
However, the points through which the lines are 

drawn (Fig. 2) are farther apart. The first point is 
formed by the centre of the canal orifice (Point 
A). The second point is located at the end of the 
coronal third of the canal (Point B). Point C is at 
the start of the apical third of the root and Point D 
is formed by the apical foramen. The lines 
through Points A & B and C & D intersect at 
angle alpha. These lines met at an angle that was 
defined as canal angulation (α), representing the 
degree of deviation of the apical axis from the 
coronal one.7 
 
WEINE’s METHOD   
     
A straight line is drawn from orifice through the 
coronal portion of curve and second line drawn 
from apex through apical portion of curve. The 
intersection of two lines form the canal 
angulation.16 
                                                 
LONG AXIS TECHNIQUE  
 
Hankin et al used the long axis of the tooth to 
measure the canal curvature . The LA technique 
involves drawing a line passing through the 
apical one-third of the canal; the angle formed by 
the intersection of that line with the long axis of 
the tooth is known as the LA angle.4 
                                                           
CANAL ACCESS ANGLE 
  
The canal orifice (A) and apex (B) points were 
connected with a line. The angle formed by the 
intersection between this line (AB) and one 
drawn parallel to the long axis of the canal from 
the coronal part (AC) (used in the Schneider 
method), is defined as the CAA .At the point (C) 
where the parallel line described in the  Schneider 
method leaves the root canal a perpendicular line 
was drawn to AB. The point that the 
perpendicular line intersects AB is D. CD gives 
the curvature height (x), and the distance from A 
to point D is the CURVATURE DISTANCE 
(AD=y).                  
 
MEASUREMENT OF MULTIPLE ROOT 
CANAL CURVATURES 
 
A method for measuring the multiple curvatures 
in s-shaped canal configuration was published by 
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Cunningham and Senia. In this the angle for  both 
the coronal and the apical portion of the canal 
was  determined (Fig. 5) from the straight positi- 
on of the canal. A line is drawn through Points A 
and B. A second line is drawn from Point B to the 
point at which the canal starts to deviate again 
from thelong axis of the tooth (Point C). The 
angle formed by the intersection of the two lines 
is measured as the canal curvature. A further line 
is drawn from Point C to the apical foramen 
(Point D). The angle at which the lines through 
Points B & C and C & D intersect yields angle Y 
for the change in direction of the canal in the 
apical section.                           
The advantages of this technique over Schneider 
method is that, multiple curved canals can  be 
described  and the  canal deviation is determined 
in relation to the actual configuration of the 
canal.10  
 
GRAPHIC AND MATHEMATICAL 
DETERMINATION OF CHANGES IN 
ANGLE 
 
Berbert and Nishiyama presented a technique 
containing a mathematical component in addition 
to the graphic determination of the change in 
direction of the long axis of the canal. The first 
measuring point (A) is 2 mm apical to the 
reference line at the base of the pulp cavity. Point 
(B) is located 1 mm short of the apical foramen . 
Measuring points A and B. which are needed for 
construction of lines a and b are 1 mm 
respectively closer to the centre of the canal than 
points A and B. Angle X resulting at the 
intersection point of the two lines a and b in Point 
C,which describes the angle formed by the 
change in direction of the long axis of the canal. 
A quotient is formed by dividing the stated lines 
into two defined sections. The length of section 
AC and that of section BC are determined. The 
length of section AC and that of section BC are 
determined. A quotient is calculated by dividing 
section BC by section AC. The size of this 
quotient permits conclusions to be drawn on 
whether the maximum curvature is in the upper, 
central or lower third of the root. The quotient is 
< 0.5 if the curvature is in the cervical third; 
between 0.5 and 2 if the curvature is in the central 

third: and >2 if the curvature is in the coronal 
third of the root.12 

This technique describe the location of maximum 
root curvature and a potential improvement for 
the description of preparation induced changes in 
curvature. 
                                                         
Angle and radius of curvature for the 
determination of canal curvature 
 
Pruett et al.  method 
 
Pruett et al developed a method supplementing 
angular measurement according to Schneider 
with the graphically determined curvature radius 
as a further parameter (Fig.7). This has permitted 
the geometrically correct description of a 
curvature for the first time. 
Two lines are drawn along the long axis of the 
coronal and apical portion of the tooth. There is a 
point on each of these lines where the canal 
deviates to begin (Point A) or end (Point B) the 
canal curvature. The centre of the circle is thus at 
the point where the vertical lines intersect the 
tangents through Aand B.13 
                                                     
Schafer et al. technique 
                                                   
 Schafer et al modified Pruett et al method. In 
this, the radius of the hypothetical circle defining 
the curved part of the canal. The line between 
Point A and B is a chord of the hypothetical 
circle that defines the curved part of the canal. 
The curved part of the root canal between Point A 
and B is the circular arc of the hypothetical circle 
which is specified by its radius (r). The radius 
could be calculated on the basis of the measured 
length of the chord between points A and B.14  
The methods introduced by Pruett et al. and by 
Schafer et al, examined different areas of the root 
canal, with Pruett et al describing curvatures in 
the central part of the canal and Schafer et al in 
the apical part 
  
Computer-aided Determination Of Root 
Curvatures 

 
The first authors to describe root curvature in a 
mathematically correct manner were Nagy et ol. 
All known canal configurations can be examined 
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Figure-1: Schneider Method; Figure-2: Luiten 
Technique 
 

  

 
Figure-4: Canal Access Angle 

	  
Figure-7: Pruett Method 

	  
Figure-8: CBCT Technique 
 

using this method . The authors fixed the first 
measuring point at the apical foramen and 
determined six further points as far as the pulp 
cavity orifice along the centre-line of the long  
axis of the canal. Five of these seven points were 
located in the apical third of the root, where the 
largest curvatures were to be expected. The 
coordinates of the marked points were fed into a 
computer and the curvature was determined with 
a fourth-degree polynomial function. Finally the 
correlation between the calculated and the 
digitised measuring points was verified and a 
degree of accuracy was specified.6 
      
Three-dimensional Determination Of Root 
Curvature 
 
 All the above methods the canal configuration is 
evaluated in only two dimensions  Hence 
currently, three  dimensional representation of the 
canal morphology is playing an increasingly 
important role in curvature determination. 
 

Figure-3: 
Weine’s 
Method 

	  

	  

Figure-5: Cunningham and Senia Method; Figure-6: 
Graphic and mathematical determination of changes in 
angle 
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Three-dimensional determination of the 
imaginary root canal axis 
 
By cutting a tooth open and taking ninety-degree 
turn around image pairs of the long axis of the 
canal, Harlan et a1  introduced a method permit- 
ting a three- dimensional canal configuration to 
be reproduced mathematically from a pair of two-
dimensional images. This technique enabled the 
spatial imaginary root canal axis to be determined 
before and after canal preparation. However, this 
technique involved the destructive process of 
taking the tooth apart and fitting it together again 
for preparation purposes.  

 
Cone beam computed tomography 
 

CBCT which provides detailed high-resolution 
images of oral structures. The accuracy of CBCT 
images to identify anatomic and pathologic 
alterations compared to panoramic and periapical 
radiographs has been shown to reduce the 
incidence of false-negative results. 
The propose method to determine the curvature 
radius of curved root canal uses two 6-mm 
semistraight lines superimposed to the root canal, 
the primary line (light gray) being the one that 
represents the longer continuity of the apical 
region and the secondary line (dark gray) being 
the one that represents the middle and cervical 
thirds. Regardless of the length of the secondary 
line, only the 6 mm closest to the primary line is 
used to measure. The midpoint of each semi 
straight line is determined. From this spot, two 
lines perpendicular to the semistraight lines are 
drawn until they meet at a central point, which is 
named circumcenter. 
The distance between the circumcenter and the 
center of each semistraight line is the radius of 
the circumference, which determines the magnit- 
ude of the curve.16 The root curvature based on 3 
mathematical points can be determined in both 
apical and coronal direction. Curvature radius 
considering the two 6mm semistraight lines are 
classified as small radius (r≤4mm):severe curvat- 
ure; intermediary radius (r≥4mm and r≤8mm): 
moderate curvature; and large radius (r≥8mm): 
mild curvature. 
 
 

Microcomputed Tomography 
 

Micro computed tomography (MCT) is a 
technique permitting non-destructive three-
dimensional representation of the canal lumen. 
This technique offers numerous opportunities for 
in vitro investigations. Preparation induced trans- 
portations and shifts in the long axis of the canal 
can be determined. Peters er ol used MCT to 
investigate the canal volume canal surface after 
preparation. The preparation-induced change in 
curvature can be calculated and a mean 
preparation-induced canal straightening rate of 
approximately 4%.  In view of the available 
database, evaluation of straightening presents no 
problem with this method. However, the cost-
intensive technique and the time consuming data 
generation are factors currently opposing a rapid 
spread of this technique.17,18 
 
CONCLUSION 
 
Measurement of root canal curvature should 
consider both angular and radius of curvature 
measurement, which will provide information 
about the abruptness of canal curvature and 
thereby allows more accurate planning of root 
canal instrumentation. Recently computer aided 
evaluation technique are used extensively to 
determine the curvature in section of the root 
canal. Micro computer tomography permits 
extremely precise evaluation, but, this involves 
more radiation exposure hence, Microcomputer 
tomography is more suitable for lab research 
only. More recently, CBCT has turned out to be a 
more valid aid in determining root canal 
curvature. Since, this method is non-distractive, 
faster and less radiation dose as compared to 
micro CT, it is certainly of great value for in vivo 
analysis in cases of extreme curvatures. 
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