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Abstract: The successful outcome of endodontic treatment is dependent on complete cleaning,
shaping as well as three dimensional obturation of the root canal system. A conventional radiograph
is a two-dimensional replication of a three-dimensional object and does not provide any conclusive
evidence for canal curvatures. An accurate knowledge of the tooth anatomy and curvature is
essential to avoid procedural errors. 100 freshly extracted human teeth were used in this study.
Digital images were obtained using the plywood JIG and Schneider’s technique. These images
were analyzed using the VixWin Pro digital image analyzing software (Gendex system). Statistical
analysis was done using paired t test. The canal curvature average values measured using Jig method
and Schneider method for mandibular teeth are 28.23◦ (±9.96) and 22.07◦ (±9.46) respectively.
The smallest/largest curvature angles measured using Jig method and Schneider technique are
12/52◦ and 8/44◦ respectively. Canal curvature average values measured using Jig method and
Schneider method for maxillary teeth were 23.40◦ (±11.36) and 19.23◦ (±11.94) respectively. The
smallest/largest average curvature angles measured using Jig method, Schneider technique were
9/70◦ and 5/72◦ respectively. The values of the canal curvature angle obtained during routine
radiographs in clinics have lower curvature angle and higher radius values as compared to the values
obtained by this innovative JIG technique. Therefore, a clinician should always keep in mind the
difference while measuring the curvature angle on radiographs during root canal treatment.

Keywords: endodontic; plywood; root canal curvature; instrumentation

1. Introduction

Successful endodontic therapy is dependent on the efficiency of removing micro-
organisms by means of detailed chemo-mechanical instrumentation of the root canal
system. This includes the removal of the infected dentine as well as the organic tissue by
cleaning and shaping procedures. The success rate of non-surgical root canal treatment
ranges from 31% to 96% [1]. Precise knowledge of the complex internal canal anatomy
and detailed planning of root canal treatment are essential to reduce failure rates. Apart
from the problems encountered during endodontic therapy, root canal curvatures pose
extreme difficulties. Determination of canal curvature will help to identify the appropriate
instruments and earmark the accurate technique, which are of crucial importance for
treatment success.
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The root canal anatomy differs among different ethnic groups and sub-populations [2].
So, it is essential for the dentist to know about the anatomic variabilities in his practicing
population. Few authors have previously tried to analyze and measure the degree of
curvature present in root canals of various teeth. Schneider was one of the first researchers
to provide a detailed analysis and report on determination of canal curvatures from clinical
radiographs [3,4]. The drawback was that he did not investigate curvatures seen from the
proximal view. But in truth, curvatures are present not only in a mesio-distal direction, as
seen in a clinical radiograph, but also in a bucco-lingual direction. Pineda and Kuttler used
a roentgenographic method to analyze and evaluate root canals from both the proximal
as well as the clinical views [5]. Three-dimensional imaging techniques can give the
exact picture of root canal anatomy like MRI and Computed Tomography, but which are
expensive and tedious and will not be applicable to clinical practice [6]. Research has been
conducted using different techniques to measure the canal curvatures of the mesio-buccal
root of the maxillary first molar and mesial root of the mandibular first molar because
of the increase in the frequency of performing endodontic treatment in these teeth and
the presence of innumerable number of anomalies coupled with variable amount of canal
curvatures [7,8]. Canal curvature is known to be influenced during shaping by the different
file system or by the pressure on the canal walls, a research conducted evaluated the
pressure distribution against the root canal wall by using finite element analysis (FEA),
wherein authors concluded that the instrument shaping ability can be predicted by using
FEA as a virtual tool [9]. Here we come with a new, simple, inexpensive and accurate
method to measure the canal curvature angle, radius and peak height of curvature in an
in vitro situation and the accuracy was compared with the standard Schneider’s canal
curvature measurement.

2. Materials and Methods
2.1. Construction of Plywoog Jig

A standard plywood jig (Figure 1) was designed in the following manner. It consists
of two flat horizontal, parallel stacks (A and B) and three vertical stakes (C, D and E) made
of plywood projecting from the horizontal one. The upper horizontal stake was short and
fitted with a turn table which was eight inches from the X-ray tube and can be rotated to
360 degrees. The angle of rotation can be checked with an angle measuring scale (S) fitted
on the surface of the turn table. The tooth for which the measurement to be carried out was
mounted over the turn table. In the vertical stakes on one side, vents were made, and X-ray
tube was fitted so that the tube can pass through the stakes and firm in position. Digital
sensor from Radio Visio Graphy equipment was fixed on the backside of the stake in an
ideal manner so that the X-ray can pass through the tooth mounted over the turn table and
reach the sensor in a parallel direction.

2.2. Procedure

Freshly extracted 50 human mandibular and 50 maxillary first molars were used for
analysis in this study. Any teeth with an open apex, showing external resorption, visible
carious lesions, presence of very narrow or obstructed canals, were eliminated. Standard
access cavities were prepared, and orifices were enlarged using GG drills in order to
avoid acute bending of the files that may interfere with the measurement of the curvature.
Sodium hypochlorite (2.5%) was used as an irrigant and EDTA (RC Prep) was used for
lubrication of the canal [10]. A size 15 K-file was inserted into the mesio-buccal canal of the
maxillary and mandibular first molars extending till the root apex and digital images were
recorded. The teeth were held in position on the turntable with the help of soft modeling
wax (W). Each tooth was positioned so that their long axis was parallel to the X-ray tube as
well as the digital sensor. Exposure time and the distance of the tooth from the X-ray tube
was kept constant.



Appl. Sci. 2021, 11, 3999 3 of 8

Appl. Sci. 2021, 11, x FOR PEER REVIEW 3 of 9 
 

 

 
Figure 1. Diagrammatic presentation of plywood jig. 

2.2. Procedure 
Freshly extracted 50 human mandibular and 50 maxillary first molars were used for 

analysis in this study. Any teeth with an open apex, showing external resorption, visible 
carious lesions, presence of very narrow or obstructed canals, were eliminated. Standard 
access cavities were prepared, and orifices were enlarged using GG drills in order to avoid 
acute bending of the files that may interfere with the measurement of the curvature. 

Figure 1. Diagrammatic presentation of plywood jig.

2.3. Determination of Canal Curvature Using Plywood Jig Technique

Digital images are obtained using the above-mentioned technique. These images were
analyzed using the VixWin Pro digital image analyzing software (Gendex system) to obtain
a straight line passing through the middle of the root. In case this is not obtained, the
turn table was rotated, and another image was taken until a straight line was obtained
(mimicking the straight instrument in the canal). Once a straight line was obtained, the
turn table was rotated to 90 degrees and another image was taken. The instrument in the
canal now was in its maximum curvature. The image indicates that the curved canal is
made up of two segments, one was extending from the pulpal chamber floor down the
long axis of the root as much as the coronal two thirds of the root and the second segment
from the apex of the root extending back to the cervical to intercept the first line. These
two lines intersect to form four angles. The interior angle is the estimate of the canal
curvature. The angle of curvature, the radius, the height of curvature and the direction of
curvature were calculated using VixWin Pro digital image analyzing software (using the
angle measurement tool) (Figure 2).

Figure 2. Image (A) shows straight instrument in the canal, Image (B) shows the maximum curvature
of canal (180◦–147.74◦ = 32.26◦) after 90◦ rotation of turn table using plywood Jig.
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2.4. Determination of Canal Curvature Using Schneider Technique

Teeth were imaged in a buccal direction and using the same technique the angle was
measured in the digitalized image. A radiographic image indicated that the curved canal
had two segments, one extending from the pulpal chamber floor down the long axis of
much of the coronal two thirds of the root and the second segment from the apex of the
root extending back to the occlusal through the apical third of the root. Radiovisiographic
software was utilized to calculate the radius, the angle of curvature, the height of the
curvature as well as the direction of the curvature. The curvature values were evaluated
statistically using paired t test, percentage difference as compared to Schneider method
(Figure 3).

Figure 3. Image Shows the X-ray taken as routine mesial angulation with measured canal curvature
(180◦ − 153.85◦ = 26.15◦) by Schneiders technique.

3. Results

The canal curvature angle average values measured using Jig method and Schneider
method for mandibular teeth are 28.23◦ (±9.96) and 22.07◦ (±9.46) respectively. (Table 1)
The smallest/largest average curvature angles measured using Jig method and Schnei-
der technique are 12◦/52◦ and 8◦/44◦ respectively. Paired t-test showed that there was
highly significant difference between the curvature angle measured using each technique
(p < 0.001) (Figure 4 and Table 2).

Table 1. Angle of curvature and radius of curvature measured using Jig method and Schneiders method.

Angle of Curvature Radius of Curvature

Range Mean SD Mean
Values Range Mean SD Mean

Values

Maxillary
Jig method 009–70 23.40 11.36 23.40 4.2–36.6 16.06 8.12 16.06

Schneiders method 005–72 19.23 11.94 19.23 3.4–37.8 17.51 7.88 17.51

Mandibular
Jig method 0012–52 28.23 9.96 28.23 2.4–18.4 9.79 3.65 9.79

Schneiders method 008–44 22.07 9.46 22.07 2.8–18.4 10.55 3.34 10.55

Table 2. The average difference in values between Jig method and Schneiders method.

Angle of Curvature Radius of Curvature Peak Height of Curvature

MD PD p Value Sig MD PD p Value Sig Mean SD

Maxillary 4.17 22 p < 0.001 HS 1.45 8 p < 0.05 S 3.86 1.16

Mandibular 6.17 28 p < 0.001 HS 0.75 7 p < 0.001 HS 3.97 1.43
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Figure 4. Radius of curvature, angle of curvature (Mandibular).

Canal curvature angle average values measured using Jig method and Schneider
method for maxillary teeth are 23.40◦ (±11.36) and 19.23◦ (±11.94) respectively. (Table 1)
The smallest/largest average curvature angles measured using Jig method, Schneider tech-
nique are 9◦/70◦ and 5◦/72◦ respectively. Paired t-test showed that there was highly sig-
nificant difference between the curvature angle measured using each technique (p < 0.001).
(Table 2)

The results of radius of curvature measured using Jig method and Schneider method
for mandibular teeth are 9.79 mm (±3.65) and 10.55 mm (±3.34) respectively. The small-
est/largest average curvature radius measured using Jig method, Schneider technique are
2.4 mm/18.4 mm and 2.8 mm/18.4 mm respectively. Paired t test showed that there was
highly significant difference between the curvature angle measured using each technique
(p < 0.001). For maxillary teeth using Jig method 16.06 mm (±8.12) compared to Schneider
method 17.51 mm (±7.88). The smallest/largest average curvature radius measured using
Jig method, Schneider technique are 4.2/36.6 mm and 3.4/37.8 mm respectively. Paired t
test showed that there was significant difference between the curvature angle measured
using each technique (p < 0.05). (Figure 5 and Table 2). The mean peak height of curvature
for maxillary and mandibular teeth was 3.86 mm (±1.159) and 3.9 mm (±1.426) respectively
(Table 2).

Figure 5. Radius of curvature, angle of curvature (Maxillary).

4. Discussion

The Schneider technique and the plywood jig methods were used to determine angle
of root curvature, radius, height, and direction of curvature. The benefits of using this
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method are that it is reproducible, easy to use as well as efficient, particularly when
using radiovisiographic (RVG) images. Precise knowledge of root curvature radius is
required to ensure accurate planning of the instrumentation and reduces the impact of the
anatomic limitations of various endodontic instruments. By modifying the instrumentation
techniques, we can eliminate the disastrous consequences that may occur during root canal
preparation, such as loss of working length, apical transportation, creation of elbows, zips,
ledges, perforations, and even instrument fracture.

Schneider proposed a method to determine curvature based on the angle that is
obtained by two straight lines [3,4]. The first line runs parallel along the length of the root
canal, while the second one runs through the apical foramen till it intersects with the first
line at the start of the curvature. The formed angle (a) was named according to the degree
of root canal curvature: straight: 5◦; moderate: 10–20◦; and severe: 25–70◦.

There are major problems encountered during routine endodontic treatment such as
deformation or fracture of instruments. Mechanical preparation errors may come about
because of an increase in the canal curvature [8]. Additionally, the file may fracture due to
stress arising from contact with the canal surface. Despite their super-elasticity recently
developed nickel titanium canal instruments can suffer from cyclic fatigue effect in curved
canals, a sharp canal curvature increases the stress on instrument [11–13]. Recent literature
evaluated the importance of stress at 360 degree in extracted teeth, assesses the recently
developed NiTi rotary instrumentations, and new dynamic stress assessment technique,
which revealed the excellent resistant to cyclic effort [14,15].

The type of canal exhibiting secondary curvature in plane opposite to that of direction
of primary curvature as in mesio-buccal canal. The highest mean of curvature in mesio-
buccal canal. Slowey described the mesio-lingual canal of mandibular molar usually
straighter than the mesio-buccal canal [16]. Previous studies reported that most fractures
occurred in the apical portion of the canal, because of the presence of a curvature with
a small radius [10]. Pruett et al. introduced a new parameter described as the curvature
radius that could be used to measure the root canal curvature. Schneider performed pioneer
work on measuring canal curvature [17]. Most studies have used the Schneider methods
for determination of the root canal curvature.

Using the plywood jig method described in the present study, it is possible to analyze a
specific curvature of root canal. This is an important finding since more than one curvature
can be located within the same root canal, that would not allow for accuracy in calculating
the radius across the entire length of the root. Here the study was done to compare the
Schneider’s technique and plywood jig to compare the canal curvature. Root canals with
increased angle of curvatures and the small radii can be associated with a negative impact
on the instrument or the instrumentation technique. Utilizing conventional radiographic
images, the Schneider’s technique for detection of root canal curvature should be done
with care because of the two-dimensional view with a high possibility of false recording
of curvature. One principal advantage of using the Plywood jig in endodontics is its
usefulness in aiding in the identification of maximum curvature dimensions, and in the
selection of instruments for cleaning and shaping with a highly accurate non-invasive
technique. Plywood jig with multiple radiography is proved to be an accurate method for
measuring root canal curvature angle, radius, height, and direction of curvature.

The aim of endodontic therapy is to remove the necrotic tissue, disinfect the canal,
shape the canal, and these goals can be achieved by cleaning and shaping, the successful
root canal preparation depends on the angle of curvature and radius of root canal. The canal
curvature finding in clinical situation is how it is measured in intra oral periapical X-ray, but
the hidden curve and the maximum curve of canal is very difficult to gauge [18]. Weine [19]
reported that the case became more complex, and complications were more likely occur
during canal preparation if the angle of canal curvature exceeded 30◦. In this study it has
been calculated the difference in the values of angle and radius of curvature between routine
radiographs taken and with jig technique. The mean differences obtain are mentioned in
Table 2 which always can be added to the values of angle of curvature measured during
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clinical regular periapical radiographs. The mean curvature values can be deducted from
the values measured during regular clinical periapical X-rays. The clinical techniques
of canal preparation can be decided according to the severity of curvature and with
more cautiously the canals can be cleaned and shaped. The mishaps during endodontics
treatment like ledging, transportation, zipping, perforation can be avoided [20].

5. Conclusions

The Plywood Jig with multi-radiographic technique for determination of root curva-
ture angle, radius, height and direction of curvature detailed in this article is easy to use,
measures maximum curvature, is reproducible as well as allows for effective, efficient and
reliable treatment planning. The values of canal curvature angle obtained during routine
radiographs in clinics are actually has lower curvature angle value and higher radius val-
ues as compared to the values obtained by this innovative JIG technique, clinician should
always keep in mind the difference while measuring the curvature angle on radiographs
during root canal treatment.
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