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IN BRIEF

® Apex locators are valid tools for use in
root length determination in general
dental practice.

® The use of apex locators may help reduce
ionisation radiation exposure for patients
undergoing root canal treatment.

® This study highlights the importance of
randomised controlled trials in primary
dental care settings.

Objective To evaluate the ability of apex locators as a tool in determining working length in comparison to traditional
working length radiographs in general dental practice. Design Randomised controlled clinical trial. Setting General

dental practices in the North West of England. Subjects Adults requiring root canal treatment of at least one tooth with
minimal or moderate difficulty. Intervention Root canal treatment was carried out with the working length determined

by apex locator in the treatment group (AL), and periapical radiograph in the control group (PA). Outcome measure The
acceptability of the master cone gutta percha measured from a radiograph before obturation was used as the primary
outcome. Results Twenty-one of 23 fillings in the AL group were judged as acceptable, compared to 17 of 23 fillings in the
PA group. This difference was not statistically significant. Conclusion In general dental practice, no significant difference
was found in working length determined using apex locator combined with a master cone GP radiograph or using the
conventional method. There is a need for larger trials to investigate these methods further.

INTRODUCTION

Cleaning and shaping of the root canal
system is an essential part of root canal
treatment in order to remove the inflamed

or necrotic pulp and associated micro-
organisms. Root canal working length
determination is an important aspect of
the root canal treatment process, as it has
been shown that a better long-term out-
come can be predicted if the root filling is
confined to the root canal system.'~

The objective of determining the work-
ing length is to enable the root canal to be
prepared as close to the apical constriction
(AQ) as possible. The apical constriction
is considered the area of the root canal
with the narrowest diameter; it effectively
reflects the junction point between the pul-
pal and the periodontal tissue. The position
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of the AC normally varies between 0.5 and
2 mm from the radiographic apex (RA).
The RA is the apical-most part of the root
viewed on a radiographic image.**

Traditionally, the working length has
been determined using intraoral peri-
apical radiographs. However, a radio-
graph is a two dimensional image of
a three dimensional object.® A study
on extracted teeth found when placing
files to the radiographic apex, only 82%
appeared to be at the actual apical fora-
men (AF) where the root canal termi-
nates and communicates with the apical
periodontal ligament fibres.” Dense bone
and anatomical structures can make the
radiographic visualisation of root canal
files unfeasible by obscuring the apex. In
addition, the superimposition of the zygo-
matic arch has been shown to interfere
radiographically with 20% of maxillary
first molar and 42% of maxillary second
molar apices.?

Electronic apex locators (EAL) were first
described in 1962.° The recent generation
of EALs have become a reliable tool for
working length determination and are
clinically utilised in combination with
radiographs.'"'> EALs were reported to
have an accuracy of 90% to within 0.5 mm
of the apical cemento-dentinal junction,

with reports of 100% accuracy to within
1.0 mm."” Although the accuracy of apex
locators has been evaluated in the dental
literature, they are still not widely used in
general dental practice.'*"”

There are a substantial number of teeth
that receive root canal treatment in any
given year within the National Health gen-
eral dental service (GDS) in England and
Wales. For example, in the year ending
March 2004, 1,001,675 root canal fillings
were placed within the GDS, at a cost of
£50.5 million.®

A survey of 350 dentists in England
showed that 44.5% of general dental prac-
titioners use EALs for endodontic treat-
ment." Of those using EALs, confirmatory
working length radiographs were either
never or occasionally taken by 48% of
the respondents.

The combined use of an apex locator
alongside radiographic confirmation is rec-
ommended by the Royal College of General
Dental Practitioners’ guidelines and the
European consensus on this issue.?**' The
sole use of EALs could reduce the exposure
to ionising radiation to the patient and the
operator and save clinical time during root
canal treatment.?>?* However, the evidence
available to advocate the sole use of EAL
is lacking.
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The aim of this study was to evaluate
the ability of apex locators in determin-
ing working length compared with a tra-
ditional working length radiograph in
general dental practice, and to investigate
the potential for a larger scale randomised
controlled trial. The trial was set to test the
null hypothesis that there is no difference
between EALs or periapical radiographs
in determining working length from the
radiographic apex to the master cone
gutta percha.

MATERIALS AND METHODS

Setting and subjects

This study was a pilot randomised con-
trolled trial in general dental practices in
the North West of England, with two paral-
lel groups randomised in a 1:1 ratio. Three
general dental practitioners were invited
to take part. The dentists were given a
training session which included didactic
lectures, standardised protocols for root
canal treatment and the use of apex loca-
tor. Ethical approval was gained from the
National Research Ethics Service/England.

Adult patients who required root canal
treatment of at least one tooth were invited
to participate in the study. If a patient had
multiple teeth requiring treatment, only
one was included in the study. Preoperative
radiographs were taken to confirm that the
teeth chosen complied with the following
inclusion criteria:

e Minimal and moderate difficulty of
proposed teeth required root canal
treatments according to the American
Association of Endodontists: Endodontic
Case Difficulty Assessment Criteria.>*

Following informed consent, the
patients were randomised into one of the
two study groups: apex locater (AL) treat-
ment group and periapical (PA) radiograph
control group.

Randomisation

Randomisation lists were produced by
an independent statistician using com-
puter-generated random numbers with
random variable block size stratified for
the dentists and the degree of difficulty
(minimum or moderate). Allocation con-
cealment was by sealed serially-numbered
opaque envelopes. Each dentist stored
their envelopes in a secure place and

determined the type of treatment allo-
cated for each patient by opening the next
envelope in the sequence.

Root canal treatment

All teeth were isolated with dental dam

and a standardised root canal treatment

procedure was followed:

1. Access preparation to the root
canal system, followed by chemo-
mechanical preparation using the
modified double-flare technique

2. Radicular access and initial
enlargement with size 4, 3, and 2
Gates-Glidden burs (DENTSPLY, UK)

3. Working length determination: this
was carried out using an apex locator
(Ray-pex® 5, DENTSPLY, UK) in the
AL group and measured as 0.5 mm
from the apex locator ‘zero’ reading.
In the PA group, radiographs were
taken using standardisation holder
(Endo Bite, Kerr, US) to ensure a
paralleling technique and with an
endodontic file in situ. The file
was adjusted to 0.5mm short of the
radiographic apex. The files used for
working length determination were
either size 10 or 15 (K-flexofiles,
DENTSPLY, Switzerland)

4. Apical preparation: the root canal
preparation was completed by
hand instrumentation (K-flexofiles,
DENTSPLY, Switzerland) and irrigated
with 2% sodium hypochlorite (Melton,
UK), 17% EDTA solution ((PulpDent,
US) for 1 min and a final rinse with
0.2% chlorhexidine (GSK, UK) before
being dried with paper points

5. A master cone gutta percha (GP)
(DENTSPLY, UK) was measured to the
working length determined by each
method and inserted into the root
canal, and a ‘master cone’ radiograph
was taken for all teeth in both groups

6. Obturation was completed by the cold
lateral compaction technique using
gutta percha and a zinc oxide-eugenol
sealer (Tubliseal EWT, Kerr, USA).
This was followed by post-obturation
radiographs for both groups.

The appointment time was recorded in
minutes from the start of the root canal
treatment procedure (placement of dental
dam) to completion following the post-
obturation radiograph.

Assessment of radiographs

A standard millimetre rule was placed onto
the post-obturation radiograph adjacent
to the image of the master cone and then
both rule and radiograph were digitally
scanned. This was repeated for all the radi-
ographs. The digital images were then cali-
brated and assessed using SigmaScan Pro
software (Systat, USA). The images were
sent to a central location for assessment
by two examiners who were not involved
in the treatment of any participants.
Inter- and intra-examiner reliability were
assessed. Where any discrepancy existed
between the two examiners a consensus
was reached. For multi-rooted teeth, the
palatal root of the maxillary molars and
the distal root of the mandibular molars
were assessed.

The distance between the master cone GP
and the radiographic apex was measured in
millimetres and recorded. The master cone
GP was then classified as acceptable or not
acceptable depending on the position of
GP in relation to the radiographical apex.
‘Acceptable’ was recorded when the master
cone GP was at or less than 2 mm away
from the radiographic apex. However, ‘not
acceptable’ was recorded when the mas-
ter cone GP was under-extended by more
than 2 mm, or over-extended by greater
than 0.5 mm and therefore adjustment was
required before obturation.'?

Outcome measures

The acceptability of the master cone GP,
as defined above, was used as the primary
outcome. Further outcome measures were
the distance between the master cone GP
and the root apex, and the total time taken
for the procedure.

Sample size

The sample size for this pilot was set at
50 patients.

Data analysis

The mean differences between groups in
the acceptability of the master cone GP,
distance from filling to apex, and in total
reported time taken to complete the treat-
ment was calculated, with 95% confidence
intervals. Due to the skewed distribution
observed for the treatment time variable,
the total reported time taken to complete
the treatment was compared between
groups using the Mann Whitney U test.
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RESULTS

A total of 51 patients were recruited.
Assessment of the primary outcome

data for five cases was excluded due to
inadequate clarity for radiographic soft-
ware assessment. Therefore, a total of
46 cases were acceptable for use in the
study. Participant flow through the trial
is shown in Figure 1. Table 1 shows age,
gender, and degree of difficulty for the two
randomisation groups.

The assessed inter- and intra-exam-
iner reliability revealed good agreement
(kappa = 0.8 and 0.89, respectively).

Twenty-one of the 23 fillings in the
AL group were judged to be acceptable
(91%), compared to 17 of 23 in the PA
group (74%). This is an observed difference
in proportions of 17% (95% confidence
interval -4% to 39%), and corresponds to
a relative risk of an unacceptable filling
in the PA group of 3.0 (95% confidence
interval 0.7 to 13.3).

The mean length from the tip of the
master cone GP to the radiographic apex
was 1.06 mm (SD = 0.67) for the AL group,
compared to 1.23 mm (SD = 0.72) in the
PA group (mean difference -0.18 mm, 95%
confidence interval -0.60 to 0.25).

The median reported time taken for
treatment in each group was 90 min-
utes (interquartile range 45).None of the
observed differences were statistically
significant at the 5% level.

DISCUSSION

The difficulties in accurately determining

the apical point to which a root filling
should extend are well recognised, with
differences observed between the position
of the anatomical apex and the radio-
graphic apex.?® Nevertheless, it is widely
accepted that placement of the root fill-
ing within 2 mm of the radiographic apex
significantly affects the success of root
treated teeth.'>?* Although until now no
studies have investigated working length
determination methods in relation to the
clinical outcomes, there is available evi-
dence to support the association between
clinical outcome and root canal filling
within 2 mm from the radiographic apex.*®

Apex locators have become a valuable
clinical tool for assessing root canal length
and may have the capacity to improve clin-
ical outcomes, decrease radiation dose and
decrease clinical time. However, at present

Table 1 Descriptive data by randomisation group

Number of participants 23 23
Gender: Male 9 (39%) 10 (430%)
Female 14 (61%) 13 (57%)
Mean age (years) (SD) 46.5 (16.8) 45.8 (12.8)
Type: Single-rooted 12 (52%) 12 (52%)
Multi-rooted 11 (489%) 11 (48%)
Available for recruitment
Enrollment (n = 62)
Excluded (n = 11)
® Randomisation procedure followed
incorrectly

| Randomised (n = 51) |

|

Allocated to AL group (n = 26)
® Received allocated intervention (n = 26)

Analysed (n=23)
® Excluded from analysis due to poor quality
radiographs (n = 3)

Fig. 1 CONSORT flow diagram

Allocation

Allocated to PA group (n = 25)
® Received allocated intervention (n = 25)

Analysed (n=23)
® Excluded from analysis due to poor quality
radiographs (n = 2)

there is no high level evidence to confirm
whether apex locators are as reliable as
periapical radiographs in ascertaining the
root canal length. The current study found
similar results to recent reports which
found no difference when comparing the
use of apex locator and length determining
radiograph.?”’-* However, this randomised
controlled clinical trial evaluated the effec-
tiveness of apex locator in the hands of
general dental practitioners, who under-
take the majority of routine root canal
treatments, in contrast to previous reports
which were performed in more controlled
specialist environments.

In this study, all dentists were trained
to ensure that they used a standardised,
recognised endodontic technique and that
the primary variable would be the use
of an apex locator or a working length
radiograph. However, with the provision of
dental treatment, there is always inherent
variability such as number of root canals
present, differences in root canal shape,
the age of the patient and amount of scle-
rotic dentine. This has been addressed by

the inclusion criteria which involved only
teeth with mild to moderated endodontic
difficulty and measurements of palatal
roots of maxillary molars and distal roots
for mandibular molars. The measurements
were also made comparable by ensuring
that working length recording using both
techniques was standardised to take place
before apical preparation.

The Ray-pex® 5 (DENTSPLY, UK) apex
locator, which is a 4th generation apex
locator, was chosen as it is easy to use
even in wet canals, and has a high level of
accuracy.”® Although Stoll et al.*' reported
that the interpretation of the colour-coded
zones as to the foramen might lead to erro-
neous interpretations, this did not seem to
affect the results of this study. This could
be due to the protocol adopted in this study
where the zero point was identified from
EAL screen and then half a millimeter dis-
tance was subtracted from the file length.

In this study the root canal length was
determined by two methods and verified
using master cone GP radiographs, where
the master cone GP was placed to the
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recorded working length. The radiographic
assessment is only capable of determin-
ing the relationship of the master cone
to the radiographic apex and not to the
anatomical apical foramen or constric-
tion. However, this method of radiographic
assessment is widely used in clinical studies
in the literature as a method of determin-
ing satisfactory root canal treatment.'>2°

If the outcome measure is deemed
acceptable, this does not necessarily mean
that the root canal filling is actually within
the root canal system, because the ana-
tomical foramen may be 2 or 3 mm away
from the radiographic apex. This problem
may affect the PA group more than the
AL group. On the other hand, when using
the apex locator, a root canal filling may
appear to be short on a radiograph (more
that 2 mm) but in fact it is at or close to
the apical foramen. The available assess-
ment technique does not allow the opera-
tor to assess if the root filling is confined
to the root canal system. Cone beam CT
may provide a new standard for assess-
ment of root canal success, however the
high radiographic dose, low resolution and
expense may hinder its use.*?

In this study, the apex locator was only
used once to measure root canal length.
This single use method was used to simu-
late the most common practice by general
dental practitioners. However, this can lead
to inaccuracies due to changes in length of
the canals after preparation, especially in
curved roots. In addition, other factors such
as the presence of vital tissue, irrigants in
the canals, metal restorations or caries can
lead to inaccurate readings.”’ Therefore, a
more reliable method to confirm the work-
ing length may be to utilise the apex loca-
tors throughout the root canal treatment.

Although using the apex locator to
determine the working length gave a
higher proportion of acceptable GP master
cones, this pilot study was not powered to
detect a statistically significant difference
between the two groups.

Corrigendum

CONCLUSIONS

In general dental practice, no signifi-

cant difference was observed in working
lengths when determined using an apex
locator combined with a master cone GP
radiograph or using the conventional
method. There is a need for further stud-
ies to assess the effectiveness of different
methods of working length determination
and their effect on the clinical outcome
of root canal treated teeth in general
dental practice.

This study was funded by the NHS Research and
Development Fund, Royal Liverpool and Broadgreen
University Hospitals Trust, England. The authors
acknowledge the contribution of Mr Ashley Jones
in carrying out the randomisation procedure.
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‘See you in three months! The rationale for the three monthly periodontal recall interval: a risk based approach’
In the above general article, the caption for Figure 3 should have read: BOP is 9%, six residual pockets >5 mm, four teeth had
been lost, the bone factor in relation to the age is 0.75 and there are genetic influences.

598

BRITISH DENTAL JOURNAL VOLUME 211 NO. 12 DEC 24 2011

© 2011 Macmillan Publishers Limited. All rights reserved.



	Working length determination in general dental practice: a randomised controlled trial
	Introduction
	Materials and methods
	Setting and subjects
	Randomisation
	Root canal treatment
	Assessment of radiographs
	Outcome measures
	Sample size
	Data analysis

	Results
	Discussion
	Conclusions
	Acknowledgements
	Note
	References




