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The working length in endodontics

In endodontics, it is important to determine the working 
length to establish the exact apical extension of the 
instrumentation and the apical level of the root canal ϐilling.

Mistakes made at this stage, both in excess or deϐiciency, 
will have repercussions negatively on the outcome of the 
treatment [1-3]. The apical limit must not be exceeded so as 
not to interfere with the healing process [4].

Overcoming the working length could cause perforation 
of the apex and periapical irritation due to its over-
instrumentation, and inϐiltration of irrigating substances in 
the surrounding periodontal tissue due to the consequent 
overϐilling. The result could cause an increased incidence 
of postoperative pain and a prolonged healing period, as 
a consequence of incomplete regeneration of the cement, 
the periodontal ligament, and the alveolar bone. If, instead, 
the working length is shorter, the instrumentation could 
be incomplete with insufϐicient ϐilling of the root canal. 
Consequently, in the most apical portion, fragments of 
pulp would remain vital or necrotic, and this could cause 
postoperative pain or be responsible for the failure of the 
endodontic therapy [5-8].

The determination of the working length 

There are different methods to determine the length of 
work, such as the knowledge of anatomy, the use of anatomical 
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averages, tactile sensation, radiographic evaluation, or 
measuring with a cone of paper, to evaluate the limit 
between dry canal space and moist periapical region [9,10]. 
The determination of work length using the radiographic 
technique was introduced in 1899 when C. Edmund Kells 
initiated the clinical use of X-rays in Dentistry. 

The accuracy of length measurement working with the 
radiographic method depends on the particular radiographic 
technique applied [11]. It presents some limits associated, 
on the one hand, with the technique itself and, on the other, 
with the patient. Generally, several intraoral radiography in 
the preoperative, operative, and ϐinal control phases are used, 
through a centering device and by the parallel axes technique. 
The perfect parallelism between the ϐilm and tooth axis and 
the perfect perpendicularity of the ray must be respected, to 
avoid the image of the tooth lengthens and gets deformed. The 
X-ray in traditional intraoral therapy has proven itself to be 
more faithful in reproducing correctly the dimensions of the 
dental elements, although it also usually highlights a slight 
magniϐication, which can be estimated in 3.4% for the anterior 
teeth, in 5.38% for premolars and 5.3% for the posteriors [12-
20].

The limits of radiographic technique

The inaccuracies of the radiographic technique are 
well documented in the literature. It was detected that a 
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ϐile introduced into the root canal and diagnosed as short, 
compared to the radiographic apex, is extended beyond the 
tip of the root into the 33% of cases where X-ray had been 
performed with the bisector technique, and in 20% of cases 
in which it had been used parallel ray technique [21]. Stein, 
et al. [12] found that the radiographic distance of the ϐile 
from the apical vertex was 0.7 mm shorter than the actual 
location of the ϐile, and suggested that the working distance 
from the apical vertex should be smaller between 1.5 and 
2.0 mm, to prevent the over instrumentation of the canal. 
Numerous studies have shown therefore that the canal length, 
determined radiographically, varies considerably compared 
to the effective value [11,22-24].

Apex locators

The endodontist who uses only X-rays may therefore 
frequently run into errors. Although they constitute a critical 
and integral part of endodontic therapy, there is a need to 
reduce exposure to ionizing radiation whenever possible 
[25,26]. For these and other reasons, apex locators have been 
introduced, performing a role of primary importance in this 
ϐield [9]. They are accurate, fast, and easy to use, and in 85% 
of cases, they allow to carry out, at a minimum, one less X-ray 
[27]. However, apex locators cannot be considered a deϐinitive 
alternative to traditional intraoperative radiographs, which 
represent the only way through which the endodontist can 
obtain guidance on the complexity of the canal anatomy [28].

The mathematical approach

The mathematical approach contributes to improving 
measurement accuracy and allows a further reduction of the 
number of intraorals, especially in those patients where the 
use of X-rays is non-indicated. 

The mathematical hypothesis 

When you insert a tool into a root canal, it results in close 
contact with all anatomical structures of the tooth itself. It is 
plausible to suppose that the instrument goes up, quantitatively 
and qualitatively, towards the same radiographic deformation 
of all structures around it. 

The different elements that undergo in equal measure 
a radiographic effect can be compared metaphorically to as 
many current bank accounts subjected to the same rate of 
interest.

The “Shahine” formula

The report between the length of a root canal instrument 
inserted and the length of its projection must be identical 
to the report between the actual length of the tooth versus 
its projection on the X-ray. This leads us to the elementary 
mathematical reasoning of the proportions, which consists 
of the equality between two relationships, expressed in the 
formula:

x:y = c:d

In our case:

* x is the real canal length (the unknown for us).

* y is the length of x projected onto the radiography. It can 
be measured directly on the intraoral radiography. 

* c is the length of the instrument inserted into the root 
canal while taking the intraoral X-ray

* d is the length of the instrument projected on the 
radiography.

The solution of the formula is 

x = c X y/d.

The author suggests creating an Excel ϐile with this formula 
and saving it. To ϐind the real length of canal roots of interest 
it is sufϐicient to ϐill the three known requested parameters 
(length of the instrument, the length of its projection on the 
ray, and that of the root canal of our interest). 

Our experience 

In our daily practice, X-ray instruments and apex locators 
are utilized, assisted frequently by our mathematical formula. 
This helps us to obtain precise measures of anatomical 
structures of our interest, mainly root canal lengths. 

When old patients return to our clinic for an endodontic 
treatment, we can search in our archive for their recent 
intraoral X-ray radiographs. In this case, we found that in the 
past we inserted a 10 mm implant (Figure 1). We measure 
its projection on the radiograph, the projection of the canal 
root length we need to treat, and through our formula, we can 
obtain the actual root canal length. 

In this case, we utilize a canal instrument (Figure 2) to 
calculate the real root canal length. The instrument’s length is 
a known value, thus, we measure its projection and that of the 
root canal, and through the proposed formula, we can obtain 
the real root canal length. 

Figure 1:  Intraoral Radiograph with an implant integrated with titanium that can be 
used as a metallic object for the calculation of root canal length.
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Conclusion
The aim of this article is to help simplify our daily endodontic 

procedures by using a simple mathematical principle. It 
allows us to have precise and costless measurements of the 
canal roots and it permits us to reduce the number of intraoral 
X-rays, above all in situations where the use of X-rays should 
be limited, avoided, or contraindicated (pregnant patients, 
uncooperative patients such as children or disabled people, 
patients with strong gag reϐlex, with perforations and false 
hidden streets, conϐluent and atypical channels, presence of 
anomalous anatomical structures).

In all other so-called normality situations, the 
mathematical approach, for its ease of handling, the absence 
of costs, and, above all, its harmlessness, could be taken into 
consideration as an auxiliary and complementary technique 
for the determination of the working length in endodontics, in 
association with the apex locators and intraoral X-rays. 
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