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Abstract 

Accurate working length measurement plays a key role in the success of root canal treatment. In 

this paper, a novel system is proposed for predicting root canals working length from dental 

radiographs. The system uses image processing techniques to detect a tooth midline and estimate 

its length in pixels. The estimated length is then used to predict the working length (in mm) by a 

weighted linear regression model. The system’s performance was evaluated using a database of 

single- and double-rooted teeth. The mean working length prediction error was 7.3% for single-

rooted teeth, and 6.7% and 5.6% for the mesio-buccal and the distal canals of double-rooted teeth, 

respectively. The system was also successfully used to predict the working length of double-rooted 

teeth’s mesio-lingual canal, which is invisible in the radiographs. The mean prediction error was 

6.9% in this case. The accuracy of these working length predictions indicates that the proposed 

solution could potentially be used to develop practically efficient working length measurement 

tools that can overcome some problems of the traditional radiographical measurements such as 

time-consuming repeated measurements and subjective manual adjustments. 

 

Keywords: Working Length Prediction, Root Canal, Dental Radiographs, Image Processing, 

Weighted Linear Re-Gression. 

  

1. INTRODUCTION 
 

 Teeth are complex anatomical structures that 

have a visible part (the crown) and a hidden  

 

 

 

 
part (the root) [1]. They also contain hollow 

spaces called root canals.  

 Root Canal Treatment (RCT) is a 

procedure whereby the infection inside an 

injured tooth is removed and the root canal 

area is filled and sealed [2]. One of the 

important steps in root canal treatment is the 
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measurement of root canals’ working length 

[3, 4]. The working length is defined to be the 

distance from a reference point on the crown 

to the root canal apical point [4], as shown in 

Fig. 1.  

 Inaccurate measurement of the working 

length during root canal treatment can bring 

about serious complications such as future 

reinfections and even root canal treatment 

failure [3, 5, 6]. This emphasizes the 

importance of the working length 

measurement techniques. These techniques 

include dental K-files, radiography [7–9], 

Electronic Apex Locators (EAL) [9, 10], and 

Cone-Beam Computed Tomography (CBCT) 

[9, 11, 12]. 

 Comparative evaluation of the accuracy 

and reliability of these techniques have been 

investigated in various studies [12–16]. In 

general, there is no consensus among these 

studies on the optimal technique as there exist 

important challenges such as the potential of 

damage to biological tissues by K-files, 

inaccurate measurements of EALs caused by 

infection or complex root canal morphology 

[10, 17], radiation exposure and repeated 

radiographical measurements due to low 

image quality [10, 17], and higher expenses 

and exposure to higher levels of radiation in 

CBCT [10].  

 Digital image processing techniques have 

been widely used in applications such as 

detection of dental diseases [18–21], 

enhancement [22, 23], segmentation [24, 25], 

and edge detection [26, 27] in dental 

radiographs. Although image processing 

techniques have the potential to overcome the 

reviewed challenges of other working length 

measurement techniques, few studies have  

 

 

 

 
 

Fig. 1. The anatomy of a single-rooted tooth: 

the crown, the root, the tooth length, and the 

root canal working length are demonstrated. 

 

used them for that purpose. As an example, 

Harandi et al. developed a system for 

measuring the working length [28]. The 

system performed tasks such as contrast 

adjustment, image denoising and 

enhancement, morphological filtering, and 

edge detection followed by image 

binarization. The mean error of working 

length measurements was 8.4%. In another 

study, an edge map for a dental radiograph 

was first created [29]. The root canal length 

(in pixel units) was then estimated by 

measuring the distance from the tooth’s 

cervical line to the root’s apical point and 

calibrated to millimeters in the end. In the 

system proposed by Purnama et al., the 

working length determination was achieved 

by manual selection of 10 landmark points on 

the root canal contour, detection of the root 

canal midline, and estimation of the midline 

length. The mean error for the working length 

measurements was reported to be 8.5 mm 

[30].  

 The image-processing-based systems 

proposed in the reviewed studies do not 

provide accurate and robust models for 

working length prediction. In addition, they  

 

root

crown

working length

tooth length



Signal Processing and Renewable Energy, June 2023                                                                                                  35 

are not applicable to the root canals that are 

invisible in dental X-rays. Also, the direct 

detection of root canals from dental 

radiographs is very hard, if not impossible, 

due to low image quality. Therefore, more 

investigation is required to develop efficient 

systems. The system proposed in this paper 

provides a means for predicting the working 

length from dental radiographs. It is based on 

the assumption that the length of a tooth and 

its root canal(s) working length are 

correlated. The tooth length (estimated using 

image processing techniques) is used by a 

weighted linear regression model to predict 

the root canal working length. The main 

advantages of the proposed system are the 

following:  

• It avoids the direct detection of root 

canals which is challenging. 

• It is capable of predicting the working 

length for the root canals that are 

invisible in the radiographs. 

• It is capable of predicting the working 

length of any tooth, no matter injured 

or healthy and even before the root 

canal treatment is started. 

 The performance of the proposed system 

was evaluated using radiographs of single- 

and double-rooted teeth. The rest of this 

paper is organized as follows. In section 2, 

the data used in this study and the proposed 

system are described. The results for the 

working length predictions are presented in 

section 3. The results and constraints of the 

proposed system are discussed in section 4, 

and the final conclusions of this study are 

presented in section 5. 

 

2. MATERIALS AND METHODS 
 

The proposed system and the data used to 

evaluate its performance are described in this 

section. 

 

2.1. Data 
 

The data used in this retrospective study were 

selected from an existing private dental 

database containing 45 radiographs of both 

upper and lower second permanent 

premolars, 28 radiographs of lower first 

permanent molars, and the clinical 

measurements for their working lengths. 

Second molars are often single- rooted teeth 

having a single canal. Lower first molars are 

double-rooted teeth having a mesial and a 

distal root, and a total of 3 root canals. The 

distal root, which is farther from the face 

midline, has a single root canal, but the 

mesial root, which is closer to the face 

midline, contains 2 root canals called mesio-

buccal and mesio-lingual root canals. The 

mesio-buccal and mesio-lingual root canals 

are located toward the cheeks and the tongue, 

respectively. All the data had been collected 

from adult patients during routine dental care 

procedures and they had given general 

consent to the usage of their radiographs in 

scientific research as long as their identities 

and personal data remained confidential. 

Except for the radiographs and the working 

length measurements, the database owner 

provided no information about the 

anonymous patients to the authors.  

 

2.2. The Proposed System 
 

The main purpose of the proposed system is 

to predict root canals’ working length. The 

block diagram of the proposed system is 

presented in Fig. 2. After being preprocessed, 
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the dental radiographs are binarized using 

Bradley’s adaptive thresholding algorithm 

[31]. The target tooth is then manually 

selected by drawing a closed path around it. 

In the next step, the tooth midline is detected 

and its length is estimated. In the final step, 

the estimated length (in pixels) of a tooth is 

used to predict its root canal working length 

in millimeters. The last step is achieved using 

a weighted linear regression model. The 

details of the proposed system are presented 

in sections 2.2.1 to 2.2.4. 

 

2.2.1. Preprocessing 
 

The preprocessing stage includes dynamic 

range compression, Gaussian filtering, and 

dynamic range expansion. The dynamic 

range compression is achieved by: 
 

𝑓𝐶(𝑥, 𝑦) = √𝑓(𝑥, 𝑦) (1) 
 

where 𝑓(𝑥, 𝑦) and 𝑓𝐶(𝑥, 𝑦) represent the 

original gray scale image before and after 

dynamic range compression, respectively. 

The output of the dynamic range 

compression, 𝑓𝐶(𝑥, 𝑦), is then smoothed in 

the spatial domain using a 2D Gaussian 

kernel defined by: 

 

ℎ(𝑥, 𝑦) =
1

2𝜋𝜎2
𝑒

−
𝑥2+𝑦2

2𝜎2  (2) 

 

The size of the square Gaussian kernel, D, is 

specified as: 
 

𝐷 =  2⌈2𝜎⌉  +  1 (3) 
 

where ⌈· ⌉ denotes the ceiling function. In our 

study, a value of 7.5 was selected for 𝜎 by 

trial and error, resulting in 𝐷 = 31. The 

smoothed image, 𝑓𝐺(𝑥, 𝑦), is obtained by  

 

 

 
Fig. 2. The block diagram of the proposed 

system. 

 

convolving the image 𝑓𝐶(𝑥, 𝑦) with the 

kernel ℎ(𝑥, 𝑦). Finally, the dynamic range of 

the smoothed image is expanded by: 
 

𝑓𝐸(𝑥, 𝑦)  =  𝑓𝐺
4(𝑥, 𝑦) (4) 

 

where 𝑓𝐸(𝑥, 𝑦) is the image after the dynamic 

range expansion. 

 

2.2.2. Binarization 
 

The second stage of the proposed system is 

the binarization of the preprocessed image 

𝑓𝐸(𝑥, 𝑦). For that purpose, Bradly’s 

thresholding method ([31]) is used, where the 

average intensity of an 𝑅 ×  𝐶 window 

centered on each pixel in image 𝑓𝐸(𝑥, 𝑦) is 

computed. If the intensity of the pixel located 

at the center of the rectangular window is 𝑇 

percent lower than the computed average, it 

is set to 0, otherwise, it is set to 1. In this 

study, 𝑇 was set to 60% and the window 

dimensions for an 𝑀 ×  𝑁 image were 

computed as follows: 
 

𝑅 =  2 ⌊
𝑀

16
⌋  +  1 (5) 

Preprocessing

Binarization

Tooth Midline Detection

Weighted Linear Regression

Dental Radiograph

Predicted Working Length
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𝐶 =  2 ⌊
𝑁

16
⌋ +  1 (6) 

where ⌊·⌋ denotes the floor function. The 

resulting binary image is defined to be 

𝑓𝐵(𝑥, 𝑦). 

 

2.2.3. Tooth Midline Detection 
 

In binary image 𝑓𝐵(𝑥, 𝑦), a closed path is 

drawn roughly around the target tooth, i.e., 

the tooth whose working length should be 

determined. All the pixels outside the closed 

path are set to 0, resulting in a binary image 

𝑓𝑅(𝑥, 𝑦) that includes only one object (i.e., 

the target tooth). The midline of the target 

tooth is then detected by fitting a curve to the 

pixels located in the target tooth region. For 

that purpose, the tooth midline is 

approximated by a cubic polynomial defined 

by:  
 

𝑦 =  𝑎𝑥3  +  𝑏𝑥2  +  𝑐𝑥 +  𝑑 (7) 
 

 The optimal values for parameters a, b, c, 

and d are found in a least square sense, that 

is, by minimizing the residual sum of 

squares: 
 

𝑟 = ∑(𝑦𝑖  −  𝑎𝑥𝑖
3  −  𝑏𝑥𝑖

2  −  𝑐𝑥𝑖  

𝑁𝑇

𝑖=1

−  𝑑)2 

(8) 

 

where the ordered pairs (𝑥𝑖, 𝑦𝑖) represent the 

locations of the pixels inside the target tooth 

region and 𝑁𝑇 is the total number of these 

pixels. To minimize the residual 𝑟, The 

partial derivatives of 𝑟 with respect to 𝑎, 𝑏, 𝑐, 

and 𝑑 must be obtained and equated to 0, 

resulting in a system of 4 linear equations 

defined by: 
 

𝑎 ∑ 𝑥𝑖
𝑚+3

𝑁𝑇

𝑖=1

+ 𝑏 ∑ 𝑥𝑖
𝑚+2

𝑁𝑇

𝑖=1

+ 𝑐 ∑ 𝑥𝑖
𝑚+1

𝑁𝑇

𝑖=1

+ 𝑑 ∑ 𝑥𝑖
𝑚

𝑁𝑇

𝑖=1

= ∑ 𝑥𝑖
𝑚𝑦𝑖

𝑁𝑇

𝑖=1

 

(9) 

 

where 𝑚 should be replaced by all integer 

numbers in [0, 3]. Having solved the system 

of equations for 𝑎, 𝑏, 𝑐, and 𝑑, all the pixels 

located on the tooth midline are found using 

Eq. (7). The length of the tooth midline is 

finally computed by: 
 

𝑧 = 

∑ √(𝑥𝑛+1  −  𝑥𝑛)2 + (𝑦𝑛+1 − 𝑦𝑛)2

𝑁𝑚−1

𝑛=1

 
(10) 

 

where the ordered pairs (𝑥𝑛, 𝑦𝑛) are the 

locations of the midline pixels, 𝑁𝑚 is the total 

number of these pixels, and 𝑧 is the length of 

the tooth midline in pixels unit. 

 

2.2.4. Working length prediction 
 

The relationship between the root canal 

working length (in millimeters) 𝑙 and the 

length of the tooth midline (in pixels) 𝑧 

computed by Eq. (10), is supposed to be 

linear: 
 

𝑙 =  𝛽0  +  𝛽1𝑧 +  𝜀 (11) 
 

where 𝜀 is an error term, and 𝛽0 and 𝛽1 are 

the linear relationship coefficients. The 

weighted linear regression algorithm is used 

to estimate 𝛽 =  [𝛽0, 𝛽1]𝑇 as follows: 
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𝛽 =  argmin
𝛽

∑ 𝑤𝑘(𝑙𝑘  −  𝛽0  

𝐾𝑡𝑟

𝑘=1

−  𝛽1𝑧𝑘)2 

(12) 

 

where 𝐾𝑡𝑟 is the total number of the 

radiographs used for training the model. For 

these radiographs, 𝑧𝑘s are computed by Eq. 

(10) and 𝑙𝑘s are the clinical measurements of 

the working lengths. The weights 𝑤𝑘 are 

chosen as follows: 
 

𝑤𝑘  =  𝑒
−

(𝑧𝑘−𝑧)2

2𝜏2 , 𝑘 =  1, 2, 3, ⋯ , 𝐾𝑡𝑟 (13) 

 

 The parameter 𝜏 was set to 5 in our study. 

If the difference between 𝑧𝑘 and 𝑧 is small, 

𝑤𝑘 approaches 1, but when this difference is 

large, 𝑤𝑘 approaches 0. The parameters 𝑧𝑘 

and 𝑧 are the midline lengths for the 𝑘th tooth 

in the training database and the target tooth, 

respectively. It can be shown that the optimal 

parameters �̂�  =  [�̂�0, �̂�1]
𝑇

 are computed by: 
 

�̂� = (𝑍𝑇 𝑊 𝑍)−1𝑍𝑇𝑊𝑙 (14) 
 

where 𝑊 is a diagonal matrix with 

𝑊(𝑘, 𝑘) = 𝑤𝑘, 𝑙 is a column vector 

containing 𝑙𝑘’s and 𝑍 is a 𝐾𝑡𝑟  ×  2 matrix 

such that its 𝑘𝑡ℎ row is 𝑍𝑘 = [1, 𝑧𝑘]. Once the 

optimal parameters �̂� are computed, the 

target tooth’s working length is predicted as: 
 

𝑙 =  �̂�0  + �̂�1𝑧 (15) 
 

It should be added that during the training and 

testing phases, all 𝑧𝑘s were normalized, as 

follows, to have zero mean and unit variance: 
 

𝑧𝑘
𝑁  =

𝑧𝑘  −  µ𝑧

𝜎𝑧
 (16) 

 

where µ𝑧 and 𝜎𝑧 are the mean and the 

variance of the midline lengths for all the 

teeth in the training dataset, and 𝑧𝑘
𝑁 is the 

normalized length of tooth 𝑘 in the database. 

 

3. RESULTS 
 

The results for the midline detection and the 

working length predictions made by the 

proposed system are presented in this section. 

 

3.1. Tooth Midline Detection Results 
 

The process of midline detection for a single-

rooted tooth is demonstrated in Fig. 3. As 

expected, the preprocessed image (Fig. 3(b)) 

is less noisy and smoother than the original 

one (Fig. 3(a)). In the binarized radiograph 

(Fig. 3(c)), the target tooth, i.e. the one in the 

middle, was manually selected by drawing a 

closed path around it and setting all pixels 

outside the path to zero, resulting in Fig. 3(d). 

Also, the detected midline of the tooth is 

shown as a dashed black line in Fig. 3(d). As 

explained in section 2.2, the midline length 

 

 
 

Fig. 3. Midline detection for a single-rooted 

tooth: (a) the original radiograph; (b) the 

preprocessed radiograph; (c) the binarized 

radiograph; (d) the selected single-rooted tooth 

(the tooth midline is shown as a dashed black 

line). 
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(in pixels unit) is computed by Eq. (10) and 

used to predict the working length by Eq. 

(15).  

 Fig. 4 shows the process of midline 

detection for the two roots of a double-rooted 

tooth. The original radiograph of the double-

rooted tooth is presented in Fig. 4(a). The 

double-rooted tooth must be divided into 2 

halves, each including a root. For that 

purpose, in the binarized radiograph (Fig. 

4(b)), a closed path is drawn around the root 

on the left side and that part of the crown 

attached to it, and the pixels outside the 

closed path are set to 0 (Fig. 4(c)). The same 

process is repeated for the root on the right 

side (Fig. 4(d)). The midline detected for 

each root is shown as a dashed black line. The 

length of each midline (in pixels unit) is 

computed by Eq. (10) and used to predict the 

working length of the respective root canal by 

Eq. (15). 

 

 
Fig. 4. Midline detection for two roots of a 

double-rooted tooth: (a) the original 

radiograph; (b) the binarized radiograph; (c) 

the selected left part of the tooth in the middle; 

(d) the selected right part of the tooth in the 

middle. The dashed black lines are the 

midlines. 

 

3.2. Results of Working Length Prediction 
 

Several tests were conducted to evaluate the 

proposed system’s performance. In each test, 

a model based on weighted linear regression 

was created for a specific root canal (e.g. the 

distal root canal of first molars). The data 

described in section 2.1 was used to train and 

test the model. The Leave-One-Out Cross 

Validation (LOOCV) strategy was used to 

find the mean and the 99% confidence 

interval for the absolute prediction error. In 

other words, assuming that the total number 

of radiographs used in a given test is 𝑁𝐷, a 

weighted linear regression model is created 

using 𝑁𝐷 − 1 radiographs and the working 

length of the target tooth in the remaining 

radiograph is predicted by this model. This is 

repeated 𝑁𝐷 times, each time a different tooth 

is considered as the target. The absolute 

prediction error, 𝜀𝑘, for a given tooth, the 

mean absolute prediction error, 𝜀,̅ and the 

standard deviation of the mean absolute 

prediction error, 𝜎𝜀, are computed as: 
 

𝜀𝑘 = |𝑙𝑘 – 𝑙𝑘| (17) 

  

𝜀̅ =
1

𝑁𝐷
∑ 𝜀𝑘

𝑁𝐷

𝑘=1

 (18) 

  

𝜀̅ =
1

𝑁𝐷
∑ 𝜀𝑘

𝑁𝐷

𝑘=1

 (19) 

 

where 𝑙𝑘 is the actual working length 

(measured by the dentist during treatment) 

for a given root canal of tooth 𝑘 in the 

database, and 𝑙𝑘 is the working length for the 

same root canal predicted using the weighted 

linear regression model. The 99% confidence 
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interval (CI) for the mean absolute prediction 

error was also computed by: 
 

𝐶𝐼: [𝜀 ̅ − 𝜌𝑧

𝜎𝜀

√𝑁𝐷

, 𝜀 ̅ + 𝜌𝑧

𝜎𝜀

√𝑁𝐷

] (20) 

 

where the Z-score for the 99% confidence 

intervals is 𝜌𝑧  =  2.576. The results of all 

the conducted tests are presented in sections 

3.2.1 and 3.2.2. 

 

3.2.1. Working Length Predictions for the 

Visible Root Canals 
 

The first four tests were conducted to predict 

the working length of all root canals that were 

visible in the radiographs, i.e., the root canal 

of single-rooted second premolars, and the 

distal and mesio-buccal root canals of 

double-rooted first molars. The results of 

these tests are presented in Table 1.  

 In the first test, the proposed system was 

used to predict the working length for second 

premolars’ root canal. A total of 45 

radiographs were used in this test. The mean 

absolute prediction error (𝜀)̅ was 1.5 mm 

(99% CI: [1.1, 1.9]). In the second and third 

tests, the proposed system was used to predict 

the working length for first molars’ distal and  

mesio-buccal root canals. A total of 28 

radiographs were used in these tests. The 

mean absolute prediction error (𝜀)̅ was 1.1 

mm (99% CI: [0.8, 1.4]) and 1.3 mm (99% 

CI: [0.8, 1.8]) for the distal and the mesio-

buccal root canals, respectively. The fourth 

test was devised to evaluate the proposed 

system on all radiographs. Therefore, the data 

for both types of teeth, i.e., single-rooted and 

double-rooted teeth, were concatenated and 

used to build the weighted linear regression 

model. Accordingly, the measurements of 

101 visible root canals were used (45 root 

canals for second premolars, 28 mesio-

buccal, and 28 distal root canals for first 

molars). The mean absolute prediction error 

(𝜀)̅ was 1.3 mm (99% CI: [1.1, 1.5]). 

 

3.2.2. Prediction Results for The Mesio-

Lingual Root Canal of Double-Rooted 

Teeth  
 

Another round of tests was conducted to 

predict the working length of double-rooted 

teeth’s mesio-lingual root canal (which is not 

visible in the radio- graphs). For that purpose, 

the visible root canals data (actual working 

lengths and the lengths estimated by Eq. (10))  

 

Table 1. The results of working length prediction for visible root canals: �̅� is the mean absolute 

prediction error, CI is the 99% confidence interval for the absolute prediction error, and 𝑵𝑫 is the 

number of root canal radiographs. 

Tooth (root canal) �̅� (mm) CI 𝑵𝑫 

single-rooted 1.5 [1.1, 1.9] 45 

double-rooted (D) 1.1 [0.8, 1.4] 28 

double-rooted (MB) 1.3 [0.8, 1.8] 28 

single- and double-rooted 1.3 [1.1, 1.5] 101 
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Table 2. The results of working length prediction for the invisible mesio-lingual (ML) root canal of 

double-rooted teeth using the estimated lengths of the visible root canals of single- and double-rooted 

teeth: �̅� is the mean absolute prediction error, CI is the 99% confidence interval for the absolute 

prediction error, and 𝑵𝑫 is the number of root canal radiographs. 
 

Tooth (root canal) �̅� (mm) CI 𝑵𝑫 

single-rooted 1.55 [1, 2.1] 45 

double-rooted (D) 1.3 [0.8, 1.8] 28 

double-rooted (MB) 1.3 [0.8, 1.8] 28 

single- and double-rooted 1.3 [0.8, 1.8] 101 

 

were used to train the linear regression 

model. The visible root canals include the 

single-rooted teeth’s root canal and the 

double-rooted teeth’s distal and mesio-buccal 

root canals. The results of these tests are 

summarized in Table 2. The mean absolute 

prediction error (𝜀)̅ for the mesio-lingual root 

canal was 1.55 mm (99% CI: [1, 2.1]) using 

the 45 single-rooted teeth root canals data, 

1.3 mm (99% CI: [0.8, 1.8]) using the 28 

distal root canals data, 1.3 mm (99% CI: [0.8, 

1.8]) using the 28 mesio-buccal root canals 

data, and 1.3 mm (99% CI: [0.8, 1.8]) using 

all the 101 visible root canals of all the teeth 

in the database.  

 

4. DISCUSSION 
 

The system proposed in this paper provides a 

novel method for predicting root canals’ 

working length. Working length prediction is 

achieved in two general steps. In the first 

step, the tooth length (in pixels) is computed, 

which is then used in the second step to 

predict the working length. The purpose of 

the weighted linear regression model used in 

the second step is twofold: it predicts the 

working length and calibrates it to 

millimeters simultaneously. It should be 

noted that the systems proposed in [28–30] 

first detect a tooth’s root canal and then 

determine the working length directly from 

the detected root canal. By contrast, the 

system proposed in this paper avoids the 

direct detection of root canals which is a 

challenging problem due to the low quality of 

dental X-rays. Rather, it first measures the 

tooth length and then uses it to predict the 

working length. The mean absolute working 

length prediction error was 1.5 mm (7.3%) 

for the single-canal single-rooted teeth in the 

database, and 1.3 mm (6.7%) and 1.1 mm 

(5.6%) for the double-rooted teeth’s mesio-

buccal and distal root canals, respectively. 

Also, the mean absolute error for the 

prediction of the double-rooted teeth’s 

mesio-lingual working length was 1.3 mm 

(6.9%) when the mesial or the distal root 

lengths were used to train the weighted linear 

regression model. These error values are 

much less than the 8.5 mm working length 

determination error for the image-

processing-based system developed by 

Purnama et al. [30]. Overall, the considerable 

reduction of the prediction error values 

obtained in this study validates the 
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assumption that the tooth length estimated by 

the proposed system is a reliable predictor of 

the working length. In the traditional method 

which is based on radiography, the dentist 

inserts a dental file into the root canal and 

measures the working length using the 

markings on the file. To make sure that the 

file tip extends to the canal’s apical point, an 

X-ray image is taken. The working length 

may need to be adjusted depending on the 

actual positioning of the file tip, which can be 

inspected in the X-ray image. This can, of 

course, be time-consuming as sometimes 

more X-rays are needed. In contrast, the 

system proposed in this paper provides a 

straightforward method to measure the 

working length. It is faster (as it uses only the 

X-rays routinely performed during dental 

care and/or treatment, and requires no more 

adjustments or X-rays) and can be more 

accurate (as it doesn’t require a lot of 

experience).  

 The performance of electronic apex 

locators (EALs), reported in the studies 

reviewed in [10], varies from generation to 

generation, from study to study, and from 

tooth to tooth. In general, the combined 

accuracy reported for EALs varies from 60% 

to 100%±0.5 mm from the apical point. The 

performances of the EALs and CBCT 

radiography were compared in [11] and [12]. 

While the accuracy of CBCT and EALs was 

reported to be 70%±0.5 and 40%±0.5 mm, 

respectively in [11], no significant difference 

was found between them in [12].  

 The combined accuracy of the proposed 

system for single-rooted teeth, double-rooted 

teeth’s distal, mesio-buccal, and mesio-

lingual root canals was 22% ±0.5, 22% ±0.5, 

27% ±0.5, and 22% ±0.5 mm from the actual 

values measured by the dentist. Although the 

EALs and CBCT measurements seem to be 

more accurate, in practice, there are 

constraints affecting their performances. For 

instance, presence of blood or infection 

inside the tooth leads to inaccurate 

measurements with EALs [10, 17]. 

Sometimes  short-circuits caused by saliva or 

other instruments result in malfunction of 

EALs [10, 17]. Another problem that can 

limit the use of EALS is that they might 

interfere electromagnetically with some 

cardiac pacemakers [10, 17], possibly raising 

other health issues. Finally, the application of 

CBCT for working length determination is 

not a common practice because of the 

radiation risks associated with it [17].  

 It should be noted that the proposed 

system has two advantages over EALs and 

the traditional radiographic method. Not only 

does the proposed system eliminate the need 

for dental files, but it also has the capability 

to accurately predict the working length for 

healthy teeth or injured ones before the root 

canal treatment is started. However, more 

investigations are needed to develop a 

practical tool. For instance, application of 

other image preprocessing techniques and 

especially morphological features of the roots 

might lead to the improvement of the 

working length prediction accuracy. Also, it 

is necessary to evaluate the performance of 

the proposed system using larger dental X-

ray datasets including all different types of 

teeth. A major constraint of this study was the 

lack of benchmark dental datasets, which 

should be the focus of future research studies. 

For comparison purposes, these datasets 

should provide the actual working lengths as 
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measured by both EALs and the traditional 

method, which uses K-files and radiography.  

 Although in this study the model created 

based on the data obtained from the single-

rooted teeth was able to make almost accurate 

predictions about the mesio-lingual working 

length of the double-rooted teeth, it sounds 

quite necessary to investigate whether each 

type of teeth requires a unique model for 

measuring the working length. It is also 

necessary to mention that the clinical 

working length measurements used in this 

study for training the weighted linear 

regression model were not necessarily 

accurate themselves due to the constraints of 

the measurement technique. To overcome 

this problem, it might be beneficial to collect 

the training data ex vivo from extracted teeth. 

The working lengths of the extracted teeth 

can be measured using different techniques 

resulting in more accurate training data.   

 

5. CONCLUSION 
 

The image-processing-based system 

proposed in this paper has the capability to 

accurately predict endodontic working 

lengths. The system was successfully 

validated using a database including single- 

and double-rooted teeth. The mean working 

length prediction error was 7.3% for the 

single-rooted teeth, and 6.7% and 5.6% for 

the double rooted teeth’s mesio-buccal and 

distal canals, respectively. The trained 

weighted linear regression model was used to 

predict the working length for the double-

rooted teeth’s mesio-lingual root canal 

(which is invisible in the radiographs), 

resulting in a mean prediction error of 6.9%. 

In general, the system was able to provide 

diagnostically valuable information that can 

increase the chance of successful root canal 

treatments. This study paved the way for the 

development of practically efficient tools that 

can eliminate the complexities and costs 

associated with the current technology. 

However, it is necessary to validate the 

proposed system on larger dental datasets and 

then improve it accordingly. Its performance 

should also be compared against other 

common techniques such as radiographical 

measurements and electronic apex locators in 

future investigations. 
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