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Evaluation of 4 Different Methods of Working Length Determination
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KEYWORDS ABSTRACT:

The long-term success of root canal treatment depends upon the relationship between instrumentation,
obturation procedures, and the complex anatomy of the apex.! Determination of working length is one
of the most critical steps in endodontic therapy and a clear understanding of the morphology of the root
canal system, including the apex, is imperative. Working length is defined in The Glossary of
Endodontic Terms as “Distance from a coronal reference point to the point, at which canal preparation
and obturation should terminate.”® The cleaning, shaping, and obturation of the root canal system
cannot be accomplished accurately unless the working length is determined precisely.? The anatomical
apex is the tip or the end of the root determined morphologically, whereas the radiographic apex is the
tip or the end of the root determined radiographically.2 The cemento-dentinal junction has been
recommended as an ideal apical termination for root canal preparation. It is located approximately 1
mm away from the apical foramen. An apical constriction usually occurs in the region of the cemento-
dentinal junction and is the narrowest portal of entry of the pulpal vasculature from the periapical
tissues.
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INRODUCTION: termination for root canal preparation. It is located
approximately 1 mm away from the apical foramen. An
apical constriction usually occurs in the region of the
cemento-dentinal junction and is the narrowest portal of
entry of the pulpal vasculature from the periapical

tissues.

The long-term success of root canal treatment depends
upon the relationship between instrumentation,
obturation procedures, and the complex anatomy of the
apex.! Determination of working length is one of the
most critical steps in endodontic therapy and a clear

understanding of the morphology of the root canal
system, including the apex, is imperative. Working
length is defined in The Glossary of Endodontic Terms
as “Distance from a coronal reference point to the point,
at which canal preparation and obturation should
terminate.” The cleaning, shaping, and obturation of
the root canal system cannot be accomplished
accurately unless the working length is determined
precisely.? The anatomical apex is the tip or the end of
the root determined morphologically, whereas the
radiographic apex is the tip or the end of the root
determined radiographically.? The cemento-dentinal
junction has been recommended as an ideal apical
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To achieve the highest degree of accuracy in working
length determination, a combination of several methods
should be used.® This is particularly important in canals
for which working length determination is difficult.® Of
the several methods used in working length
determination, 3 methods- Radiographic Method using
IOPA, using RVG and Electronic Method using Apex
Locators are widely used and considered clinically more
reliable.  Intraoral  periapical  radiography, the
Radiographic Method is conventionally used. Over the
period, digital radiographic method or Radio-
Visiography (RVG) is being an increasingly used tool in
WL determination. The Electronic Method using Apex
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Locators is believed to have the highest accuracy and is
considered the gold standard in WL determination.*
With the recent advances in imaging technologies,
cone-beam computed tomography (CBCT) emerged as
an effective tool and was introduced in Endodontics.
CBCT is known to produce undistorted three-
dimensional images of the teeth and their surrounding
tissues at a substantially lower radiation dose as
compared to conventional computed tomography (CT).
Considering the availability of CBCT and its
widespread application in endodontics, it is necessary to
investigate whether CBCT can be utilized as a tool for
root canal length determination. Hence, the present
study was carried out to comparatively evaluate the
efficacy of conventional radiography, apex locator,
RVG and CBCT for root canal working length
determination in single-rooted mandibular premolar
teeth.

MATERIALS & METHODS:

50 single-rooted mandibular premolars, scheduled for
orthodontic extraction were selected for the study. The
working length was determined by 4 different methods
mentioned above. Only non-carious teeth with single
canals and closed apices scheduled for orthodontic
extraction were included in the study. Carious,
periodontally compromised teeth, morphologically
defective teeth, teeth with open apices, and teeth of
young patients with cardiac pacemakers were
excluded.®

A good quality preoperative radiograph was taken
employing the extension cone paralleling technique.
The reference point on the preoperative radiograph was
marked at the buccal cusp tip, and the length of the
tooth was measured using a metal ruler from the
reference point to the radiographic apex; the
measurements were recorded. Under local anesthesia
with rubber dam isolation, an access cavity was
prepared by using endo access bur followed by
extirpation of pulp. The canal was irrigated using a
2.5% sodium hypochlorite solution and finally flushed
with distilled water.

Picture 1- Armamentarium used

923

For the working length determination using 10PA, a
#10k file with a silicone rubber stopper was inserted
into the root canal. The working length was measured,
and 1 mm was subtracted from the measurement and
registered as the ‘Radiographic tooth length’.® (Picture
2)

Picture 2- Working length determination using
IOPA

For radio-visiographic working length determination
(using RVG), a #20 K-file with a silicon stop was
inserted into the root canal, a digital radiograph was
taken and the radiographic working length was
measured and then 1mm was subtracted from the
measurement and registered as the ‘Radio-Visiographic
working length’.” (Picture 3)

Picture 3- Working length determination using RVG

For working length determination using an Electronic
Apex Locator, Root Zx mini digital Apex Locator was
used. After copious irrigation, the canal was thoroughly
dried with paper points. The lip contact of the
instrument was attached to the patient’s lower lip. No.
#20 K file was used for measuring root canal length. As
the instrument moved apically in the canal, the digital
display is indicated by the distance from the tip of the
file to the apical constriction in tenths of a millimeter.
When the instrument reached the apical constriction, the
apex locator gave out- a digital display reading, a
pulsing audition, and a flashing light. The rubber stop
was adjusted on the file shaft in such a way that it
touched the reference point. The instrument was
carefully withdrawn and the distance from the tip of the
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instrument to the rubber stop was measured using a
metal ruler; the value was noted down and registered as
‘Electronic Working Length’.67

For CBCT analysis of Working Length, two dental
mandibular models were fabricated with 25 extracted
lower premolars. Modeling wax was used to integrate
the teeth into the model. The length of the canal space
with a field of view (FOV) of 100mm x H 80mm was
measured (FIG). The area of interest was then
reconstructed with an isometric voxel size of 0.260 mm.
The tube voltage was kept at 90kVp and 8 mA and the
exposure time was 9.4 seconds. The teeth were
inspected in the transversal, sagittal, and coronal
aspects. Using the examination tool, the tooth being
measured can be depicted independently. The tooth
could be rotated by the operator to find a suitable plane
for measurement, where the reference point and the
foramen are simultaneously visible. A straight line from
the cusp tip to the foramen will be drawn, and the
distance will be recorded as CBCT WL.8 (Picture 4)

Picture 4- Sample mounted before CBCT

Actual working length (AWL) determination was done
on the extracted teeth by inserting a #20K file into the
root canal until the tip of the file was visible at the
apical foramen. The visibility of the file tip at the apical
foramen was confirmed using a magnifying loupe. (Carl
Zeiss Meditec AG SN- 6905702071). The stopper was
then adjusted to the reference point. The distance was
determined with a digital caliper and detected as the
‘AWL’ 8
STATISTICAL ANALYSIS:

The mean working length Measured by 10PA
was 20.61mm. The mean working length Measured by
the apex locator was 21.15mm. The mean working

length Measured by RVG was 21.05mm and the mean
working length Measured by CBCT was 21.32mm.

The comparison of working lengths among the four
methods was done by One-way ANOVA test. There
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was a significant difference in the working length
measured using four methods. (p<0.05) (Table -1)

Table -1: Comparison of working lengths among the
four methods

Group Mean SD p- Value
IOPA 20.61 1.08 0.007*
Apex 21.15 1.01

Locator

RVG 21.05 1.05

CBCT 21.32 1.02

The pairwise comparison of the working lengths of the
four methods was done by Post hoc Tukey test. The
working lengths measured by IOPA and CBCT showed
a significant difference. (p<0.05) (Table -2)

Table-2: The pairwise comparison of the working
lengths of the four methods

Pairwise Mean p-value
comparison difference

IOPA vs Apex | -0.54 0.054
Locator

IOPA vs RVG | -0.44 0.159
IOPA vs | -0.71 0.004*
CBCT

Apex locator | 0.10 0.965
vs RVG

Apex locator | -0.17 0.833
vs CBCT

RVG vs | -0.27 0.554
CBCT

The working lengths of the four methods were
correlated by intraclass correlation test. IOPA showed a
good agreement with the apex locator and RVG in
working length determination and a moderate
agreement with CBCT. The apex locator showed an
excellent agreement with RVG and CBCT in working
length determination, and RVG showed a good
agreement with CBCT in working length determination.
(Table-3)

Table -3: Correlation of working length of the four

methods
Pairwise ICC p-value
comparison
IOPA vs Apex | 0.783 <0.001*
Locator
IOPA vs RVG | 0.806 <0.001*
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IOPA vs CBCT | 0.684 <0.001*

Apex locator vs | 0.961 <0.001*

RVG

Apex locator vs | 0.907 <0.001*

CBCT

RVG vs CBCT | 0.841 <0.001*
DISCUSSION:

An accurate working length is one of the most
important criteria for achieving successful endodontic
results and minimizing post-operative discomfort. An
erroneously short working length leaves the apical
region uncleaned and unfilled canal space. An
erroneously long working length will lead to over-
instrumentation and overextended obturation, causing
significant post-operative discomfort.* The
instrumentation and obturation of root canals should
end at the apical constriction (physiologic foramen), as
there are minimal chances of apical injury or the
surrounding periodontal ligament injury. This does not
cause any extrusion of root canal filling material, and
apical transport of infected pulpal tissues.®

The radiographic method described by Ingle is one of
the most reliable and simple methods. But, it has certain
disadvantages like more radiation exposure, being time-
consuming, and in most cases, the cementodentinal
junction does not coincide with the point 1 mm short
from the radiographic apex.” The digital radiography or
RVG makes use of an intraoral sensor in place of
radiographic film. RVG has certain advantages over
conventional radiographs. Advantages of a digital
system are image quality, acquisition, editing,
qualifying, and distance between 2 points on the image.
This system's Greatest advantage is taking on-screen
measurement of utility, which allows for additive
multiple-point measurement on tenth of a millimetre on
screen.® An electronic method for root length
determination was first put forward by Custer (1918)
and this idea was revisited by Suzuki in 1942. Later,
Sunada in 1962, constructed a simple device based on
these concepts using direct current to measure the canal
length. Subsequently, the electronic apex locators have
been greatly improvised to increase their accuracy and
versatility. They are considered higher in accuracy as
compared to the radiographic methods as per the results
of multiple in-vivo, ex-vivo, and in-vitro studies. The
Electronic Apex Locators have the advantage of
reducing the treatment time and nil radiation dose
compared to radiographic methods.’® They are
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particularly useful in pregnancy to avoid radiation
exposure and in patients with high gag reflexes where
placement of radiographic film or intraoral sensor in the
mouth of the patient is difficult. However, it has a
limitation of usage in patients with cardiac pacemakers,
as it can interfere with their working. As compared to
2D images formed by conventional or digital
radiographs, CBCT produces 3D images and gives
volumetric data that provides more diagnostic
information. It can be useful in endodontics for the
effective evaluation of the root canal morphology,
diagnosis of endodontic pathology, assessing root and
alveolar fractures, as well as identification of non-
endodontic pathology.**

The present study showed a significant difference in
mean working length measured by IOPA (20.61%),
RVG (21.05%), Apex locator (21.15%), and using
CBCT (21.32%) measured after orthodontic extraction
of mandibular premolar when compared with actual
working length value. So, the CBCT shows the highest
correlation with the actual working length followed by
Apex locator, and then RVG and IOPA showed the least
correlation with the actual working length.

The authors Ravanshad et al'? (2010), F.D. Jarad et al*3
(2011), Pishipati'* (2013), Jorge Paredes Vieyra et al®®
(2018) compared the efficacy of electronic apex
locators with radiographs in determining the working
length and concluded that the apex locators give better
result than radiographs in the estimation of root canal
length. Stavrianos et al (2003)*¢ found the accuracy of
the electronic apex locator to be 96% when compared to
the actual working length measured using loupe. Our
study also showed that electronic apex locators are
better than radiographs for root canal length assessment.

The present study showed the highest correlation with
the actual working length when compared to the other
three methods. Our study results were per the other
studies as follows. A study by Liang et al 20157
showed that CBCT has a positive correlation with gold
standard actual working length measured after
extraction. Hence for working length determination,
CBCT is the best method for ex-vivo working length
study according to them. Sherrad et al*® in 2010 stated
that scans with a larger voxel size (0.3mm) are
associated with lower levels of radiation exposure. In
our study, CBCT scan was done at an isometric voxel
size of 0.28mm using the smallest possible FOV. In the
present study, the CBCT scanner settings were in
accordance with the as low as reasonably achievable
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(ALARA) principle even though the procedure was
carried in extracted tooth. In the present study, we used
multiplanar reformatted sections for selecting the best
sagittal view for the measurement of working length.
Similar technique was suggested by Jeger et al*® in
2012. Previous studies by Kaobayashi et al. 2004,
Murmulla et al*® in 2005, Ludlow et al®® in 2007,
Mischkowski et al?! in 2007, and Stratemann et al?? in
2008 have confirmed the three-dimensional geometric
accuracy of CBCT when compared to radiographic
techniques.

Mohamed 1. Elshinawy et al® in 2017 compared 4
working length measuring techniques- regular
radiographic film, digital radiographic image, Cone
beam tomographic image, Electronic apex locator and
found that electronic apex locator and cbct were more
accurate technique to determine the working length than
the normal and the 2D radiographic method. Janner et
al?* reported that an existing CBCT is as successful as
an EAL. Yilmaz et al?® in 2017 found that there was a
strong correlation between the endodontic working
length as measured in the CBCT images and the
electronic apex locator measurement which is in
accordance with the results of our study. Based on their
findings, CBCT can be used to determine the
endodontic working length in combination with clinical
measurements such as the electronic apex locator.

In this study, the actual working length measurement
being the gold standard, had strong positive correlation
with CBCT > EAL1 > RVG1> IOPA methods of
working length determination which is in accordance
with the studies by Jyoti Mandlik et al.?®

Conclusion:

IOPA and digital radiographic method showed
statistically significant difference from the actual
working length.

Morden electronic apex locator can determine this
position with 96% accuracy with the actual working
length, but still have some limitations.

The results of the present study showed that CBCT
scans can be used as an alternative method for
ascertaining the WL. If a patient has a pre-existing
CBCT scan, the clinician should take advantage of this
technique as an alternative, reliable method for
determining the WL.

Knowledge of apical anatomy, prudent use of
radiographs and the productive use of an electronic apex
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locator, along with a diagnostic CBCT will assist
practitioners to achieve predictable endodontic success.
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