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Abstract Background/purpose: Effective endodontic education requires realistic models for 

simulating clinical procedures, particularly working length (WL) determination using electronic 

apex locators (EALs). Traditional training methods using extracted or plastic teeth lack stan

dardization, realism, and compatibility with EALs. This study aimed to develop and evaluate 

a 3D-printed tooth model with conductive properties that allows realistic and standardized 

training in EAL-based WL determination.

Materials and methods: Custom 3D-printed teeth with two distinct working lengths (20.0 mm 

and 21.9 mm) were designed using cone-beam computed tomography (CBCT) and 3D scanning. 

Each tooth was embedded in two types of conductive media―tap water and saline. Thirty-six 
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participants (students, trainees, and instructors) performed WL measurements using the Root 

ZX mini EAL. Accuracy was defined as measurements within �0.5 mm of the true WL.

Results: The model demonstrated high reproducibility across user groups and media. Instruc

tors achieved perfect accuracy (100 %), trainees ranged from 87.5 % to 100 %, and students 

demonstrated acceptable but more variable accuracy (86.7 %). No significant differences in 

measurement outcomes were observed between the two media (P > 0.05). Significant differ

ences in accuracy were found among the three groups (P < 0.05), indicating the model’s 

discriminative ability in assessing experience levels.

Conclusion: This novel 3D-printed model simulates realistic root canal anatomy and conductive 

conditions for effective EAL training. It distinguishes varying proficiency levels and provides a 

reproducible, standardized platform for preclinical education. The model bridges the gap be

tween theoretical learning and clinical practice, making it a valuable tool for contemporary 

endodontic training.

© 2025 Association for Dental Sciences of the Republic of China. Publishing services by Elsevier 

B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons. 

org/licenses/by-nc-nd/4.0/). 

Introduction

Endodontic treatment is an important portion in regular 

dental practice. Endodontic practice relied on compre

hensive and effective training of dental students at the 

preclinical, as well as the clinical levels.1 A well-training 

endodontic specialist could perform better and predict 

treatment outcomes. Due to the development of end

odontic materials and techniques, both students and den

tists require intensive practical exercises before performing 

new techniques on patients. Therefore, a simulation model 

to mimic the clinical practice is necessary.

A number of training systems have been introduced in 

educational settings.2,3 For example, it is common practice 

to use extracted human teeth during pre-clinical 

endodontic education;4—7 however, their use has several 

disadvantages and limitations such as availability is diffi

cult, selection of suitable teeth is time-consuming, ethical 

considerations and they have a non-standardized anatomy 

for test situations.8—12 A further development was 

introduced in form of an entire artificial tooth made of 

clear resin with multiple roots and colored root canals.13

Recently, new models allowed multiple approaches for 

working length determination were introduced in the 

training procedure.11,14 A teaching/training tooth model 

that allow the application of electronic apex locator (EAL) 

to practice endodontic techniques is available now.8 EAL 

are widely used in endodontics to accurately determine the 

working length (WL) of root canals. Accurate WL determi

nation is essential for successful endodontic treatment 

outcomes, as it ensures complete debridement while 

minimizing damage to periapical tissues. However, 

effective EAL training remains a challenge.

The manufacturing process of 3D printing has evolved 

over the last few decades.15,16 They may be used as 

educational tools for training, especially to develop skills in 

negotiating these treatment obstacles in the laboratory and 

clinics. In dentistry, 3D printing technology has been used 

for treatment planning, surgical guidance, and fabrication 

of dental models for appliances in orthognathic surgery, 

implant surgery, oral and maxillofacial surgery, orthodon

tics, and prosthodontics.17—19

In endodontics, a physical tooth model fabricated by 3D 

printing has been used in various cases such as the diag

nosis of atypical root morphology, the determination of 

locations of root resorption, and surgical planning for 

auto-transplantation.20—22 Indeed, physical tooth models 

reproducing the internal root canal anatomy may be of 

clinical value especially in the endodontic treatment of 

anomalous teeth.

To address this, we developed a novel 3D-printed end

odontic training model incorporating an EAL and designed 

to simulate clinical WL determination. The aim of this study 

was to create 3D printed artificial teeth that were realistic 

and represented an alternative to extracted human teeth 

and commercial replicas for endodontic training, which 

enables the use of EALs based on real patient situations for 

practice.

Materials and methods

Tooth scanning, designing, and printing

A three-dimensional (3D) shape of the original teeth in the 

model (Nissin, Kyoto, Japan) are acquired using a dental 3D 

scanner (Medit T710, Seoul, South Korea). Furthermore, to 

obtain the root canal 3D morphology, a three-dimensional 

radiograph of the selected teeth was taken using a cone- 

beam computed tomography (CBCT) with a small field-of- 

view (NewTom, Verona, Italy). The generated data were 

exported as single Digital Imaging and Communications in 

Medicine (DICOM) files and imported into the 3D slicer 

software. The segmentation was done by using 3D slicer 

software by selecting the region of interest (ROI) and then 

using the threshold tool to segment the root canal. All 3D 

models were stored as stereolithography (STL) files. The 

study protocol was approved by the institutional review 

board (Approval No.: B202405160).
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Setup an electric signal conduction and embedding 

medium

To provide appropriate signal conduction, the surrounding 

the apex of printed tooth was embedding with a conducting 

medium. Electronic root canal length measurements were 

performed with Root ZX mini apex locator (J. Morita, 

Tokyo, Japan) using experimental models with different 

tooth embedding media. In this model, the tooth was 

soaked in the embedding medium wrapping at the apical 

area to make sure the EAL can work. The lip electrode was 

connected with a conducting wire that contact with the 

embedding medium. A size 15 K-file was inserted into the 

root canal and connected to the other EAL electrode for 

electronic measurement of root canal length. The EAL was 

operated according to the manufacturer’s instructions. 

Readings were taken when the signal on the display of Root 

ZX mini device reached the “Apex” mark. When this mark 

was reached, the silicone stopper was positioned at the 

reference point (cusp), and the file was removed.

Model design and tooth preparation

Two custom-designed artificial teeth were 3D-printed, 

representing different working lengths (Tooth 1: 21.9 mm; 

Tooth 2: 20.0 mm). Each tooth was embedded in two types 

of conducting media: tap water and 0.9 % saline. The 

models were configured to be compatible with commonly 

used EAL devices. Conductive wiring allowed EAL probes to 

register electrical resistance and simulate real clinical 

conditions.

Working length assessed in participants

Three group participants were included in this study that 

included undergraduate student, trainee, and instructor. 

Among the three groups of participants, students are dental 

students who are undergraduate from the fourth year 

(endodontic laboratory) to sixth year (intern). The trainers 

are PGY (post-graduate two-year training) and specialist 

training residents. The instructors are visiting staff with 

endodontic specialists, having more than eight years of 

clinical experience. All participants had basic familiarity 

with EAL usage. Participants were instructed to measure WL 

for both teeth in each medium using the EAL device. Each 

participant performed working length (WL) measurements 

on the 3D printed teeth using an electronic apex locator. 

Each participant measured the working length three times 

per tooth. After completing three measurements, they 

recorded the confirmed value. The process was repeated for 

all assigned teeth, ensuring that each tooth was assessed by 

undergraduate student, trainee, and instructor.

Data collection and statistical analysis

Mean working lengths and standard deviations were calcu

lated for each participant group under each condition. 

Accuracy was defined as measurements within �0.5 mm of 

the actual WL. Differences in measurements between 

groups were analyzed using Kruskal—Wallis test, followed 

by post hoc comparisons where applicable. Statistical 

significance was set at P < 0.05. All statistical analyses 

were performed using GraphPad Prism 9.5.0 (GraphPad 

Software, La Jolla, CA, USA).

Results

3D printed tooth

The original scanned tooth model was obtained (Fig. 1A) 

and a customized design of root portion were modified 

(Fig. 1B) to extend the root length with two different 

working length, 20.0 mm and 21.9 mm. We first print out 

the modify tooth (Fig. 1C) and make sure they can fit well in 

the dental model (Fig. 1D). Then the pulp and canal 

structure obtained from pulp/canal from CBCT (Fig. 1E) 

were added to the well-fitting tooth (Fig. 1F). In combina

tion of above crown/root morphology, the finalized design 

is then digitally sliced and exported to a 3D printer for 

fabrication. The final printed teeth with pulp/canal system 

were showed in Fig. 1G.

Setup a simple 3D printing tooth model for 

application of EAL

The maxillary lateral incisor (#22, FDI notation) was removed 

from their sockets and replaced with 3D printed tooth in a 

plastic master model (Fig. 2A) and the apical 1/3-1/5 is 

socking into a conductive solution (Fig. 2B). After being 

installed into the model, a conductive wire is placed at the 

apex of the root tip where filled with conductive solution. At 

the other end, the connective wire extends to connect with 

the lip hook of the electronic apex locator to form a circuit 

that intimate the clinical situation (Fig. 2C). The canal 

lengths were determined electronically using size 15 K-files. 

Files were inserted slowly until the signal on the LCD screen 

display’s bar reached the “Apex” mark, indicating the apical 

constriction. At this point, the silicone stopper was adjusted 

to the reference point, and the file was removed for length 

measurement. Finally, the model with apex locator was set 

up in the manikin (Fig. 2D) and illustrated in Fig. 3.

Working length measurement performance

The mean WL measurements for each group and condition 

are summarized in Table 1. For Tooth 1 (21.9 mm), mean 

values obtained using tap water as the conducting medium 

were as follows: students 21.4 � 0.28 mm, trainees 

21.4 � 0.18 mm, and instructors 21.5 � 0.00 mm. Similar 

values were observed when saline was used: students 

21.4 � 0.28 mm, trainees 21.4 � 0.18 mm, and instructors 

21.5 � 0.00 mm. For Tooth 2 (20.0 mm), the tap water 

condition yielded the following results: students 

19.8 � 0.30 mm, trainees 20.0 � 0.00 mm, and instructors 

20.0 � 0.00 mm. Under the saline condition, students 

measured 19.9 � 0.36 mm, with trainees and instructors 

again achieving perfect accuracy (20.0 � 0.00 mm). 

Notably, student measurements were slightly below the 

true working length but remained within an acceptable 

range, suggesting a learning curve in using the EAL model 

effectively. These results demonstrate high consistency 
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across both media, with minimal inter-group variability. 

Instructors achieved exact mean WL values, while students 

showed slightly greater variance.

Accuracy of working length determination

Next, we analyzed the accuracy of WL measurement in 

each group and condition. Accuracy, defined as a 

measurement within �0.5 mm of the actual working length, 

was presented in Table 2. For Tooth 1 in both media, 13 out 

of 15 students (86.7 %), 7 out of 8 trainees (87.5 %), and all 

3 instructors (100 %) achieved accurate measurements. For 

Tooth 2, 13 students (86.7 %) again achieved accuracy in 

both media, while both trainees and instructors achieved 

100 % accuracy. Statistical analysis using Kruskal—Wallis 

test revealed significant differences in accuracy among 

Figure 1 3D scanned and printed tooth. (A) Original tooth model using a dental 3D scanner. (B) Customized design of root. (C) 

3D printed tooth model. (D) Printed tooth fit-well in the dental model. (E) Canal structure obtained from cone-beam computed 

tomography. (F) Pulp structure combined with tooth structure. (G) Final printed teeth with pulp system.

Figure 2 Tooth model and design. (A) 3D printed tooth set into dental model. (B) Conductive solution in the socket. (C) Setup 

tooth model with EAL for WL measurement. (D) Simulated the clinical endodontic treatment. EAL, electronic apex locator; WL, 

working length.
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the groups for both teeth and both media types. For Tooth 

1, P � 0.0036 in both tap water and saline; for Tooth 2, 

P � 0.0357 in both conditions. These results underscore the 

model’s ability to discriminate between different training 

levels and highlight the higher precision achieved by more 

experienced practitioners. Overall, the model showed 

excellent reproducibility across different solutions and 

effectively distinguished between novice, intermediate, 

and expert users. The slightly lower accuracy and greater 

variability observed in student measurements may reflect 

their lesser clinical experience, further supporting the 

educational value of this training model in developing 

proficiency in electronic working length determination.

Discussion

In this report, we developed a novel simulation model that 

combined 3D printing technology and EALs for endodontic 

teaching and training purposes. Our primary goal was to 

create a preclinical setup that closely resembles real-world 

clinical conditions. Root canal models and artificial teeth, 

while useful, often fall short in this aspect as they are 

typically handheld during use. Teaching models that can be 

mounted in a phantom head offer a more realistic simula

tion. The results of our investigation indicate that this 

innovative model effectively simulates clinical scenarios 

and enables the application of EALs for endodontic training 

Figure 3 Schematic diagram illustrated the tooth and EAL setup. (1) Tooth Crown. (2) Pulp horn. (3) Root canal. (4) 3D printed 

lateral incisor. (5) Dental model on the plastic master model. (6) Pulp system printed by 3D model. (7) Conductive medium in the 

apical area of the printed tooth. (8) Conductive wire linked to apical area. (9) Conductive wire linked to lip hook. (10) Lip hook of 

the EAL. EAL, electronic apex locator.

Table 1 Mean working length (mm) measured by the participants.

Group Tooth 1 (21.87 mm) Tooth 2 (20.0 mm)

Tap water Saline Tap water Saline

Students 21.4 � 0.28 21.4 � 0.28 19.8 � 0.30 19.9 � 0.36

Trainees 21.4 � 0.18 21.4 � 0.18 20.0 � 0.00 20.0 � 0.00

Instructors 21.5 � 0.00 21.5 � 0.00 20.0 � 0.00 20.0 � 0.00

Table 2 Accuracy of working length measurements (�0.5 mm of actual WL).

Group Tooth 1 (21.87 mm) Tooth 2 (20.0 mm)

Tap water Saline Tap water Saline

Students 13/15 (86.7 %) 13/15 (86.7 %) 13/15 (86.7 %) 13/15 (86.7 %)

Trainees 7/8 (87.5 %) 7/8 (87.5 %) 8/8 (100 %) 8/8 (100 %)

Instructors 3/3 (100 %) 3/3 (100 %) 3/3 (100 %) 3/3 (100 %)

P value 0.0036 0.0036 0.0357 0.0357

WL, working length.

Journal of Dental Sciences 20 (2025) 2211—2218

2215



and teaching purposes. In comparison to traditional models 

such as those made from natural or plastic teeth, our model 

offers distinct advantages, particularly in its applicability 

to preclinical training, young dentists, and endodontic 

specialists, meeting their specific educational needs and 

requirements (Table 3).

In our model, 3D designed and equipped with pulp cavity 

and root canal(s) which was obtained from CBCT and close in 

dimensions and shape to their natural counterparts. Our 3D 

printed teeth are suitable for endodontic training, designing 

variable levels of teeth according to the trainees’s need. As 

compared to other models (Table 4), our model with key 

features included: 1. Realistic Tooth Anatomy that consists 

of a tooth body, pulp cavity, and root canal, mimicking the 

natural structure of human teeth. 2. Conductive Root Apex 

for EAL training. Furthermore, this model standardized the 

canal morphology that is especially important for preparing 

the National board Examination in Objective Structured 

Clinical Examination (OSCE) in our country. Although studies 

found artificial tooth models suitable for endodontic train

ing,23—27 the results of these studies suggest that complete 

replacement of natural teeth with artificial teeth for end

odontic training should be regarded with caution. To be 

suitable for the desired learning experience, the models are 

expected to feature physical properties as similar as 

possible to those of a natural tooth.

EALs had demonstrated to be a useful device in deter

mining WL as comparing to traditional radiography.28,29

EALs offer numerous advantages over traditional radiog

raphy, including reducing the number of necessary radio

graphs, minimizing patient exposure to radiation, and 

enhancing the accuracy of working length determination. 

Several studies underscore the significance of using EALs in 

educational settings.30—33 Most of them demonstrate a 

high-degree accuracy in measurement of the working 

length.31,32,34 For example, Ravanshad et al. conducted a 

randomized clinical trial that highlights the efficacy of EALs 

compared to conventional radiographic methods, demon

strating that the integration of EALs optimizes working 

length determination.34 This finding aligns with the 

conclusions of Bhaga et al. who conducted a clinical study 

finding that EALs is comparable to traditional radiographic 

measurements.35 In terms of teaching methodologies, 

Tchorz et al. describe an improved model specifically 

designed for teaching the use of EALs.8,33 By embedding 

extracted teeth in acrylic resin that mimics physiological 

conditions, dental students gain practical experience using 

EALs in a controlled environment, reinforcing theoretical 

knowledge and enhancing practical competency. In our 

model, we used the saline and tape water as conducting 

medium and the results of WL measured by EAL were 

similar. This allows the user to place the 3D printed tooth 

into the jaw model while connecting to an apex locator for 

working length determination. The results were compatible 

with previous report that the use of different embedding 

medium has shown to produce reliable measurement 

data.36,37 Therefore, our model is feasible and simple for 

application in endodontic training. Base on this simple and 

novel design, our model had obtained the patent that can 

use pulp/canal pattern from real patients, design canal 

types with variable difficulty and application for different 

level of trainee.

Notably, our study evaluated the accuracy of working 

length measurements using an EAL in a 3D-printed tooth 

model under different conditions demonstrated the 

instructor group were the most accurate with consistently 

measuring and trainees performed better than students 

that matching the expected values in clinical practice. 

These results show clear differences in EAL accuracy based 

on operator experience. Although EALs have been used in 

several laboratory studies, this set-up has not been fully 

adopted to pre-clinical endodontic teaching models. 

Experienced clinicians recognize subtle signal changes (e. 

g., “APEX” or “0.0" fluctuations) that indicate the apical 

constriction. Our results showed students group had highest 

variability in WL measurement used EAL indicating the po

tential of this model to serve as a formative assessment tool 

that highlights skill gaps early in training.

Nevertheless, certain limitations warrant consideration. 

While the resin’s mechanical properties ensure dimensional 

Table 3 Comparison with traditional dental teaching models.

Feature 3D-printed conductive model Traditional plastic teaching 

model

Extracted human teeth

Tooth structure Anatomically accurate with 

pulp cavity and root canal

Solid plastic or resin; lacks 

realistic canal system

Realistic anatomy

Root apex conductivity Conductive solution at apex for 

apex locator simulation

Non-conductive, requires 

manual working length 

estimation

Natural conductivity, but 

highly variable

Electronic apex locator 

training

Fully integrated; allows real- 

time audio feedback

Not compatible with apex 

locators

Can be used, but 

preparation is 

inconsistent

Standardization & 

reproducibility

High — can be mass-produced 

with identical properties

Moderate — varies by 

manufacturer

Low — no two natural 

teeth are identical

Compatibility Fits various dental mannequins Brand-specific models Not compatible with 

mannequins

Ease of use Easy to install and replace Requires adjustments per 

brand

Handling and mounting 

can be difficult

Durability Long-lasting and reusable Can degrade over time Fragile and may break 

during handling
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stability during instrumentation, they may alter tactile 

feedback compared to clinical scenarios. Ongoing material 

development focusing on dentin-mimetic composites shows 

promise in addressing this discrepancy. Additionally, the 

current single-root design necessitates expansion to multi- 

rooted teeth.

In conclusion, this 3D-printed conductive tooth model 

offers an improvement over traditional plastic models and 

extracted human teeth for endodontic training. It provides 

standardized, repeatable, and realistic root canal treat

ment simulations, making it an essential tool for modern 

dental education. The integration of electrical conductivity 

for apex locator training further bridges the gap between 

preclinical practice and real-world clinical experience.
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