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T This study evaluated the working-length (WL) determination accuracy of two integrated apex locators (AI endomotor, 

Tri Auto ZX2+) and one external locator (Root ZX 2) compared to CBCT. Using 60 extracted single-rooted teeth in 
conductive alginate, device measurements to the 0.0 mark were recorded and compared against CBCT using One-way 
ANOVA. Results revealed a maximum mean difference of only 0.12 mm between CBCT and the tested devices, with no 
statistically significant variance among any of the groups (p = 0.995). Ultimately, all three devices proved highly reliable 
and equally accurate to CBCT for WL determination.
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INTRODUCTION
Accurate root canal working length (WL) determination is 
essential for successful endodontic therapy. Imprecise 
measurements can lead to under-instrumentation or over-
instrumentation.(1) 2D radiographs were the standard, but 
inherent limitations—such as anatomical superimposition 
and distortion—prompted the widespread adoption of 
electronic apex locators (EALs). (2)Standalone devices like 
the Root ZX 2(Dentaport ZX) have since become the clinical 
benchmark for precise, radiation-free WL determination. (3)

 Recent advancements have introduced endomotors with 
integrated EALs, such as the Tri Auto ZX2+ and AI endomotor. 
While these systems provide continuous, real-time apical 
monitoring to streamline workflows, their accuracy compared 
to established external EALs requires validation. In ex-vivo 
studies, CBCT serves as the non-destructive, three-
dimensional "gold standard" for establishing actual 
anatomical canal lengths, effectively overcoming the 
limitations of conventional imaging.(2,4)

The primary aim of this study was to evaluate and compare the 
accuracy of WL measurements obtained using AI endomotor, 
Tri Auto ZX2+ endomotor, and the Root ZX 2 apex locator 
against actual canal lengths determined by CBCT.

MATERIALS AND METHODS 
The required sample size was calculated using G*Power 
software (version 3.1.9.7). Based on a significance level of 
0.05 and a statistical power of 0.90, the total sample size was 
determined to be 60 specimens.

Sixty extracted single rooted teeth (Fig:1) were utilized for 
this ex vivo study. To establish a stable coronal reference 
point, the occlusal surfaces of the teeth were flattened. 
Following preparation, the actual WL for all 60 samples was 
recorded utilizing CBCT. This CBCT measurement served as 
the absolute reference. Group 1: Actual Working Length 
(Fig:2).

To simulate a clinical electrical circuit. Tooth was embedded 
in a plastic container filled with a conductive alginate 
medium. 0.9% saline solution was utilized as the root canal 
irrigant. A lip electrode was embedded directly into the 
conductive alginate, and device reference cables were 
connected in accordance with the manufacturer recommen-
dations.

The specimens were subsequently tested using three 
different electronic devices to form the experimental groups:
 Group 2: Root ZX 2 standalone apex locator (Fig:4)

 Group 3: Tri Auto ZX2+ endomotor with integrated apex 
locator (Fig:5)
 Group 4: AI endomotor with integrated apex locator (Fig:2)
 
For each respective device, an endodontic file was attached as 
per the manufacturer's guidance. The file was advanced 
slowly and apically into the canal until the device's display 
indicated the apex (the 0.0 mark). Once the apex was located, 
silicone rubber stopper was carefully adjusted and the file 
was removed to measure the length in millimeters using an 
endodontic ruler.

 To ensure precision, this process was repeated three times for 
each tooth with each device. The mean of these three 
measurements was calculated and recorded as the final 
device working length reading for that specific tooth.

RESULTS
 Data from a total of 60 samples were analyzed, with an equal 
distribution of 15 samples per group.  
 
Intergroup Comparison
An intergroup comparison (Table 1) utilizing a One-way 
ANOVA test revealed no statistically significant differences in 
WL when all four groups were compared with one another (p 
= 0.995). The highest mean working length (Graph 1) was 
recorded in Group 1 (21.49 ± 2.75), followed by the Group 2 
(21.47 ± 2.73) and Group 3 (21.41 ± 2.66). The Group 4 
demonstrated the lowest mean working length (21.37 ± 2.61).  

 Pairwise Comparison
Pairwise comparisons (Table 2) carried out using Tukey's post 
hoc test demonstrated no statistically significant differences 
when the groups were evaluated in pairs. The highest mean 
difference (Graph 2) recorded was between the 1 and 4 
Groups (0.12, p = 0.8), followed by the 1 and 3 Groups(0.08, p 
= 0.86), and the 1 and 2 Groups (0.03, p = 0.95).

DISCUSSION
The goal of endodontic therapy is thorough cleaning and 
shaping and 3-D obturation of the root canal space. The 
foundational step that dictates the success of these 
subsequent procedures is the accurate determination of the 
WL. Defined as the distance from a coronal reference point to 
the point at which canal preparation and obturation should 
terminate, the WL dictates the apical limit of all endodontic 
instrumentation.(5) 

 Anatomically and histologically, the ideal endpoint for 
endodontic therapy is the apical constriction (minor apical 
foramen), where the pulpal tissue transitions into periodontal 
tissue .(6) Under-estimation of the WL leaves vital or necrotic 
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tissue remnants and bacterial biofilms in the apical third, 
which is a primary cause of persistent intraradicular infection 
and endodontic failure.(7) Conversely, over-estimation 
damages the periapical tissues, destroys the natural apical 
stop and increases the risk of extruding infected debris, 
irrigants or obturation materials into the periapex causing 
postoperative pain and delayed healing.(8)

 Given the critical threshold between success and failure that 
the apical constriction represents, employing a highly 
precise, reproducible and clinically practical method for WL 
determination is of paramount importance in contemporary 
endodontic practice.

CBCT demonstrated the highest mean working length (21.49 
± 2.75 mm), which can be attributed to its ability to render a 
three-dimensional representation of the root canal system.(9) 
However, while CBCT is highly accurate, it  is not 
recommended as a routine substitute for EALs strictly for 
working length determination due to radiation exposure 
concerns adhering to ALARA principles.(10)

Conventional 2D radiography projects a three-dimensional 
anatomical complex into a two-dimensional image, frequently 
leading to superimposition of adjacent structures and 
distortion (11)The ideal endodontic endpoint the apical 
constriction is a histological landmark, not a radiographic 
one. The apical foramen deviates from the radiographic apex 
in up to 93% of cases, relying solely on radiographs often 
leads to working length overestimation and subsequent over-
instrumentation.(12) EALs overcome these limitations by 
utilizing multiple frequencies to measure electrical 
impedance, allowing them to accurately detect the 
periodontal ligament and the apical constriction.(13)

Both standalone and integrated apex locators are highly 
reliable and demonstrate comparable clinical accuracy. 
Literature confirms that both modalities operate well within 
the acceptable ±0.5 mm tolerance range. Standalone Apex 
Locators (Root ZX II) operate independently of rotary 
instrumentation, making them ideal for initial canal 
scouting.(14) 

 Integrated Apex Locators (TriAuto ZX2 Plus, AI Motor) 
combine the endomotor and apex locator into a single device, 
allowing for continuous, real-time working length monitoring 
during active shaping. They feature automated safety 
mechanisms (auto-stop or auto-reverse) that activate near the 
apical constriction, significantly reducing the risk of over-
instrumentation and apical perforation.

Root ZX 2 apex locator and Tri auto ZX 2 plus integrated apex 
locator are 3rd generation apex locators which are based on 
multi-frequency impedence measurement.AI motor 
integrated apex locator is 4th generation apex locator which 
uses a multi-frequency ratio analysis with simultaneous 
impedence measurement at multiple frequencies.(15)

0.9% saline was used because it is chemically neutral, 
electrically stable, and providing reliable and reproducible 
results for working length determination. Conductivity level 
of NaOCl (highest)>0.9 ٪ saline (moderate)>17٪ EDTA 
(moderate – low)>distilled water (lowest).(16)

Limitations of the study: Electronic apex locators have their 
limitations, so should be used in conjugation with other 
methods like radiographs for better results. Using extracted 
teeth cannot mimic in vivo conditions. 

CONCLUSION
Under the constraints of this ex- vivo study, no statistically 
significant difference in working length determination was 
present when CBCT, Root ZX 2, Tri Auto ZX 2plus, and AI motor 
groups when compared with each other.

Fig 1: Extracted Single Rooted Teeth 

Fig 2: Working Length Measurement by CBCT

Fig 3: Working Length Measurement by AI Motor 
Integrated Apex Locator 

Fig 4: Working Length Measurement by Root ZX 2 
Standalone Apex Locator

Fig 5: Working Length Measurement by Tri Auto ZX 2 Plus 
Integrated Apex Locator
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GRAPHS AND TABLES

Graph 1: Mean Working Length of All Groups

Graph 2: Mean Difference Between the Groups Upon 
Pairwise Comparison

Table 1: Intergroup Comparison of Working Length

Table 2: Pairwise Comparison of Working Length Among 
the Groups
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Groups N Mean Std. 
Deviation

Minimum Maximum Sig.

CBCT 60 21.49 2.75 16 27 0.995

Root ZX 2 60 21.47 2.73 16.5 26.5

Triauto ZX 
2 plus 

60 21.41 2.66 16.5 26.5

AI motor 60 21.37 2.61 16 26.3

Total 21.44 2.67 16 27

(I) Groups (J) Groups Mean Difference (I-J) Sig.

CBCT Root ZX 2 0.03 0.95

Triauto ZX 2 plus 0.08 0.86

AI motor 0.12 0.8

Root ZX 2 CBCT -0.02 0.95

Triauto ZX 2 plus 0.05 0.96

AI motor 0.10 0.997

Triauto ZX 2 
plus

CBCT -0.08 0.86

Root ZX -0.05 0.96

AI motor 0.04 0.95

AI motor CBCT -0.12 0.8

Root ZX 2 -0.09 0.997

Triauto ZX 2 plus -0.04 0.95


