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ABSTRACT 
 
Introduction: Accurate working length measurement is essential for successful endodontic treatment. Digital periapical radiography is widely 
used for working length determination; however, limited evidence is available regarding dentists' satisfaction with this method and its association 
with perceived measurement accuracy. This study aimed to investigate the association between dentists’ satisfaction and perceived accuracy of 
working length measurements obtained using digital periapical radiography, with measurements obtained using an electronic apex locator (EAL) 
as a comparator. Methods: This cross-sectional study compared 44 paired working length measurements obtained using digital radiographs and 
an EAL using the Mann–Whitney test. Dentists' satisfaction was evaluated using a questionnaire based on the Technology Acceptance Model 
(TAM), with validity and reliability assessed using Pearson’s correlation and Cronbach’s alpha, respectively. Spearman’s correlation analyzed the 
association between satisfaction and perceived accuracy. Results: No statistically significant difference was found between working length 
measurements obtained using digital periapical radiography and those obtained using an EAL (p>0.05). After excluding two invalid items, the 
questionnaire demonstrated acceptable validity and reliability. Overall, 60% of respondents were very satisfied and 40% were satisfied with the 
use of digital periapical radiography for working length determination. Most respondents (67%) perceived the measurement accuracy as 
moderate, while 33% rated it as high. A significant positive correlation was found between dentists’ satisfaction and perceived measurement 
accuracy (r=0.662, p=0.007). Conclusion: Dentists' satisfaction was positively associated with their perceived accuracy of working length 
measurement using digital periapical radiography. Dentists who perceived greater accuracy in working length measurement also reported higher 
satisfaction with the use of digital periapical radiography. In addition, no significant difference was found between working length measurements 
obtained using digital periapical radiography and those obtained using an EAL, Suggesting that the two methods yielded comparable 
measurements under the conditions of this study  
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Hubungan antara kepuasan dokter gigi dan akurasi pengukuran panjang kerja pada radiografi 
periapikal digital: Studi cross-sectional  
 
 
ABSTRAK 
 
Pendahuluan: Penentuan panjang kerja yang akurat merupakan salah satu faktor penting dalam keberhasilan perawatan endodontik. Radiografi 
periapikal digital banyak digunakan untuk menentukan panjang kerja, namun bukti mengenai kepuasan dokter gigi dan hubungannya dengan 
persepsi terhadap akurasi pengukuran masih terbatas. Penelitian ini bertujuan untuk mengetahui hubungan antara kepuasan dokter gigi dan 
persepsi terhadap akurasi pengukuran panjang kerja menggunakan radiografi periapikal digital dibandingkan dengan pengukuran menggunakan 
electronic apex locator (EAL). Metode: Studi potong lintang ini membandingkan 44 pasangan pengukuran panjang kerja dari radiografi digital 
dan EAL menggunakan uji Mann–Whitney. Kepuasan dokter gigi dievaluasi menggunakan kuesioner berbasis TAM, yang divalidasi melalui korelasi 
Pearson dan alpha Cronbach. Korelasi Spearman digunakan untuk menganalisis hubungan antara kepuasan dan persepsi akurasi. Hasil: Tidak 
terdapat perbedaan bermakna antara pengukuran panjang kerja menggunakan radiografi periapikal digital dan EAL (p>0,05). Setelah dua item 
tidak valid dikeluarkan, kuesioner menunjukkan validitas dan reliabilitas yang dapat diterima. Sebanyak 60% responden sangat puas dan 40% 
puas terhadap pengukuran panjang kerja secara radiografis. Sebanyak 67% responden menilai akurasi pengukuran sedang dan 33% menilai 
tinggi. Terdapat korelasi positif yang bermakna antara kepuasan dokter gigi dan persepsi akurasi pengukuran (r=0,662; p=0,007). Simpulan: 
Hubungan positif ditemukan antara kepuasan dokter gigi dan persepsi mereka terhadap keakuratan penentuan panjang kerja menggunakan 
radiografi periapikal digital. Dokter gigi yang mempersepsikan tingkat keakuratan penentuan panjang kerja yang lebih tinggi juga melaporkan 
tingkat kepuasan yang lebih tinggi terhadap penggunaan radiografi periapikal digital. Selain itu, tidak ditemukan perbedaan yang signifikan antara 
pengukuran panjang kerja yang diperoleh menggunakan radiografi periapikal digital dan pengukuran yang diperoleh menggunakan EAL 
(Electronic Apex Locator), yang menunjukkan bahwa kedua metode tersebut menghasilkan pengukuran yang sebanding dalam kondisi penelitian 
ini. 
 
KATA KUNCI: Endodontik; radiografi dental digital; dokter gigi; kepuasan; panjang kerja; electronic apex locator; technology acceptance model. 
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INTRODUCTION  
 

 Endodontics is a dental specialty concerned with the treatment and preservation of teeth 
affected by pulpal disease.1 The primary goal of endodontic treatment is to create conditions that 
allow infected root canals to heal while maintaining the health of periradicular tissues and 
preserving the tooth.2 Because endodontic treatment focuses on the root canal system, its success 
largely depends on accurate working length determination.3,4 Accurate working length 
determination facilitates effective canal debridement while minimizing the risks of 
over-instrumentation, under-instrumentation, and post-treatment complications.5,6  

Determining root canal working length is a major challenge for clinicians during endodontic 
treatment. Working length is defined as the distance from a coronal reference point to the apical 
constriction,7 which is generally located approximately 0.5–1.0 mm coronal to the anatomical 
apex.8 Radiographic measurements are conventionally considered acceptable when they fall within 
±0.5 mm of the actual working length.9 Therefore, methods used for working length 
determination should provide reliable measurements while remaining practical, efficient, safe, and 
clinically applicable.10 

Working length can be determined using either radiographic or electronic methods. Digital 
periapical radiography remains one of the most widely used imaging modalities in endodontic 
practice because it enables immediate image acquisition and allows linear measurements using 
integrated digital ruler software, thereby reducing measurement variability.1,2,5 In digital 
radiography, working length measurements are performed using a digital ruler integrated into the 
imaging software, which has been shown to reduce measurement variability.11-13 Electronic apex 
locators (EALs), in contrast, estimate the position of the apical constriction electronically and have 
demonstrated high measurement accuracy under appropriate clinical conditions. A previous study 
reported that EAL achieved an accuracy of approximately 95% in identifying the apical 
constriction, whereas digital periapical radiography demonstrated an accuracy of approximately 
70%.14 Although both techniques are widely used, no single method has been universally 
accepted as the definitive approach for working length determination, and their complementary 
use is frequently recommended in clinical practice.1 

Most previous studies have focused on the objective accuracy of working length 
determination by comparing digital periapical radiography with EALs or anatomical reference 
standards. However, limited evidence is available regarding dentists' satisfaction with the accuracy 
of radiographic working length measurements used to support root canal treatment in routine 
clinical practice, and whether the accuracy of these measurements is associated with clinicians' 
acceptance of the technique. This represents an important research gap because clinicians' 
confidence in a measurement method may influence its acceptance, routine use, and clinical 
decision-making. Moreover, dentists' satisfaction is recognized as an important indicator of 
technology acceptance and may ultimately affect the quality and consistency of patient care.15–18 
Therefore, evaluating both the objective accuracy of working length measurements and dentists' 
satisfaction provides a more comprehensive assessment of the clinical utility of digital periapical 
radiography.2 The Technology Acceptance Model (TAM) is one of the most widely used theoretical 
frameworks for explaining users' acceptance of information technology.19–21 Technology acceptance 
is primarily determined by perceived usefulness, perceived ease of use, attitude toward use, and 
behavioral intention to use.22 These constructs have been extensively applied to evaluate users' 
acceptance of healthcare technologies. 

In the context of endodontic treatment, dentists who perceive radiographic working length 
measurements as accurate and clinically reliable are more likely to adopt and routinely use this 
approach during treatment. Therefore, this study employed a TAM-based questionnaire to assess 
dentists' satisfaction and acceptance of radiographic working length measurements obtained from 
digital periapical radiographs. Furthermore, dentists' satisfaction scores were correlated with the 
objective accuracy of radiographic working length measurements, using the clinical working length 
determined with an EAL by the referring dentists during endodontic treatment as the reference 
standard.  
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Although previous studies have extensively evaluated the objective accuracy of working 

length determination methods, little attention has been given to clinicians' subjective perceptions 
and satisfaction regarding these measurements. The novelty of this study lies in integrating 
objective clinical accuracy comparisons (digital periapical radiography versus electronic apex 
locator) with a TAM-based assessment to evaluate dentists' satisfaction and technology 
acceptance in routine clinical practice. Therefore, this study aimed to investigate the association 
between dentists’ satisfaction and the perceived accuracy of working length measurements 
obtained using digital periapical radiography, compared with measurements obtained using an 
electronic apex locator (EAL). 

 
METHODS  
 

This cross-sectional analytical study was conducted at the Radiology Department of Prof. 
Soedomo Dental Hospital, Universitas Gadjah Mada, Yogyakarta, Indonesia, between January and 
October 2023. The study population comprised all dentists who referred patients to the 
department for root canal working length measurements using the digital periapical technique 
during this period. The study dataset consisted of 44 paired working length measurements 
obtained from patients referred by dentists to the Radiology Department for endodontic treatment 
planning. Each case included two working length measurements: (1) radiographic working length, 
measured on periapical radiographs using SOPRO® Imaging software (Acteon, France), and (2) 
clinical working length, determined during endodontic treatment using an EAL.  

Purposive sampling was used because only dentists who routinely referred patients for 
working length assessment using digital periapical radiography and fulfilled the predefined 
eligibility criteria were relevant to the study objectives. To minimize selection bias, all eligible 
dentists during the study period were invited to participate, and standardized inclusion criteria 
were applied consistently to all participants. The inclusion criteria included dentists who referred 
patients for root canal working length measurement using digital periapical radiography with the 
bisecting angle technique, dentists who had root canal working length measurements performed 
using the SOPRO® Imaging software from Prof. Soedomo Dental Hospital, and dentists who 
agreed to participate in the research by providing informed consent. Participants were recruited 
using purposive sampling.  

The minimum sample size for the correlation analysis was estimated using a formula for 
correlational studies: The sample size was determined using the sample size calculation formula 
for a correlation test, by calculating the square of the ratio of the sum of Zα and Zβ to 0.5 
multiplied by the natural logarithm of (1+r)/(1−r), and then adding 3.23 Where Zα = 1.96 
(two-sided significance level of 5%), Zβ = 1.28 (power=90%), and the minimum expected 
correlation coefficient ( ) was 0.50. Based on this calculation, the minimum required sample size 𝑟
was 37.79, which was rounded to 38 cases. 

To evaluate the accuracy of radiographic working length determination and the referring 
dentists' satisfaction, an electronic questionnaire, together with an informed consent form, was 
distributed to all participating dentists who had referred patients for periapical radiographic 
examination to support root canal treatment. All respondents were dentists practicing at the same 
dental hospital where the study was conducted. Consequently, the radiographic and clinical 
working length data were obtained from a single institutional electronic dental record system, 
ensuring data consistency and accessibility. 

However, because the number of eligible dentists referring patients for working length 
assessment during the study period was limited, all dentists who fulfilled the inclusion criteria 
were recruited. Consequently, a total of 15 dentists constituted the study sample and met the 
eligibility criteria during the study period (January to October 2023). Although the achieved 
sample size was smaller than the calculated minimum, including the entire accessible population 
reduced sampling error and maximized the representativeness of the available study population. 
This limitation is acknowledged when interpreting the findings. 

Working length measurements on digital periapical radiographs were performed using the 
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digital ruler provided by the imaging software. The measurements were conducted by a calibrated 
dentist with experience in dental radiographic interpretation. To minimize measurement bias, all 
images were assessed using the same measurement protocol under standardized viewing 
conditions. 

To evaluate measurement reliability, repeated working length measurements were performed 
on a randomly selected subset of radiographs after a two-week interval by the same observer. 
Intra-observer agreement was assessed using the intraclass correlation coefficient (ICC), with 
values above 0.75 indicating good reliability.  

For each questionnaire, the investigators included the corresponding patient medical record 
number of the radiographic sample. This enabled respondents to verify both the radiographic 
working length measured using SOPRO® Imaging and the clinical working length recorded using 
the EAL in the patient's dental record before completing the questionnaire. 

The accuracy of radiographic working length determination was assessed by asking 
respondents to select one of three predefined accuracy categories, as described in Table 1. The 
section assessing accuracy of root canal length measurement on digital periapical radiographs 
consisted of three categories of accuracy (low, fair, and high). The assessment categories were 
structured as shown in Table 1, based on previous studies.9,24  

 
Table 1. The criteria for assessing the accuracy of working length measurement. 

Assessing of accuracy Criteria 
1 (Low) X > 1 mm 
2 (Fair) 0,5 mm < X ≤ 1 mm 
3 (High) X ≤ 0,5 mm 

Note: X represents the difference between the working length measured using digital 
periapical radiography and the root canal working length measured using an apex 
locator by the dentist. 
 

Respondents were further asked to evaluate their satisfaction with the radiographic working 
length measurement using a structured questionnaire adapted from the TAM.25 The questionnaire 
assessed five dimensions of TAM: perceived ease of use, perceived usefulness, attitude toward 
use, behavioral intention to use, and job relevance (Table 2). 

        
Table 2. Distribution of questionnaire items based on the TAM dimensions 

No TAM Dimension Item Numbers Favorable Items Unfavorable Items 
1 Perceived Ease of Use 1–2 1, 2 – 
2 Perceived Usefulness 3–13 3, 4, 5, 9, 10, 11, 12, 13 6, 7, 8 
3 Attitude Toward Use 14–18 15, 17, 18 14, 16 
4 Behavioral Intention to Use 19–21 19, 20 21 
5 Job Relevance 22–24 22, 24 23 

 
The questionnaire comprised 24 items, including 17 favorable statements and 7 unfavorable 

statements distributed across the five TAM dimensions (Table 2). Responses were recorded using 
a four-point Likert scale consisting of strongly agree, agree, disagree, and strongly disagree.26 
Favorable and unfavorable items were scored inversely to minimize response bias (Table 3). The 
total questionnaire score was treated as an interval-scale data for statistical analysis. 

 
Table 3. Likert scale scoring system 

Favorable Item Response Unfavorable Item 
4 Strongly Agree 1 
3 Agree 2 
2 Disagree 3 
1 Strongly Disagree 4 
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RESULTS 
 

Based on data recorded at the Radiology Department of Prof. Soedomo Dental Hospital, 
Universitas Gadjah Mada, during the study period, there were 62 working length measurements 
using digital periapical radiography, originating from 15 referring dentists (Table 4). In general, 
each dentist submitted more than one request for working length measurement. 

 
Table 4. Distribution of working length examination requests among respondents 

Request Frequency Category Number of Dentists Percentage (%) Total Submissions 
1 time 5 33.3% 5 
2 times 5 33.3% 10 

3–4 times 3 20.0% 10 
≥5 times 2 13.4% 37 

Total 15 100.0% 62 

 
A normality test using the Shapiro-Wilk test was performed on the 44 root canal working 

length measurements obtained using digital imaging software and EAL. The results of the 
Shapiro-Wilk test (Table 5) yielded a significance value of less than 0.05 (p-value<0.05), indicating 
that neither set of measurements was not normally distributed.  

  
Table 5. Results of the data normality test using the Shapiro-Wilk normality test 

Methods Shapiro-Wilk 
Statistics df Sig. 

Digital Imaging 
Software 0,934 44 0,014 

Electronic Apex 
Locator 0,932 44 0,013 

 
Since the working length measurements were not normally distributed, the data were 

analyzed using the Mann-Whitney U test. The results of the Mann–Whitney U test yielded a 
p-value of 0.291. As the p-value exceeded the significance level of 0.05 (p>0.05), no statistically 
significant difference was found between the working length measurements obtained using digital 
imaging software and those obtained using the EAL.   

Prior to data collection, the questionnaire was evaluated for its validity and reliability. 
Construct validity was assessed using the Pearson product-moment correlation test, while internal 
consistency reliability was evaluated using Cronbach's alpha coefficient. The validity analysis 
demonstrated that 22 of the 24 questionnaire items were statistically valid (p≤0.05). Two items 
(Items 14 and 20) did not meet the validity criterion and were therefore excluded from 
subsequent analyses (Table 2). 

The remaining 22 items were further evaluated for reliability. The questionnaire 
demonstrated good internal consistency, with a Cronbach's alpha coefficient of ≥ 0.70, indicating 
acceptable reliability.27 Consequently, only the 22 items that satisfied both the validity and 
reliability criteria were retained for assessing dentists' satisfaction with the accuracy of 
radiographic working length measurements. 
 

Table 6. Distribution of respondents' total scores according to dentists’ satisfaction level 
Satisfaction Level Frequency Percentage (%) 

Very Dissatisfied 0 0 
Dissatisfied 0 0 
Satisfied 6 40 

Very Satisfied 9 60 
Total 15 100 

 
The distribution of dentists' satisfaction levels regarding the accuracy of radiographic working 

length measurements obtained from digital periapical radiographs is illustrated in Table 6. Table 6 
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shows that 60% of dentists who submitted requests for working length measurements were very 
satisfied with the measurements received, and 40% of dentists were satisfied with the 
measurements they received. No respondents reported being dissatisfied or very dissatisfied 
(Table 6). The total satisfaction scores were categorized using the Criterion-Referenced 
Assessment (CRA).17 The distribution of responses across the dimensions influencing dentist 
satisfaction can be seen in Table 7. 
 

Table 7. Distribution of respondents’ answers based on satisfaction dimensions 

Criteria 

Perceived 
ease of use 
dimension 

Perceived 
usefulness 
dimension 

Attitude toward 
use dimension  

Behavioral 
intention to use 

dimension 

Job relevance 
dimension 

Value % Value % Value % Value % Value % 
Strongly 
disagree 1-2 0 1-11 0 1-4 0 1-2 0 1-3 0 

disagree 3-4 0 12-22 0 5-8 0 3-4 0 4-6 0 
Agree 5-6 40 23-33 47 9-12 87 5-6 67 7-9 73 

Strongly 
agree 7-8 60 34-44 53 13-16 13 7-8 33 10-12 27 

Total  100  100  100  100  100 
 

Table 7 shows that the majority of respondents (60%) strongly agreed with the perceived 
ease of use dimension, while 40% of respondents agreed. There were no respondents who 
disagreed or strongly disagreed with the perceived ease of use dimension (Table 7). The results 
indicated that 53% of respondents strongly agreed and 47% agreed with the perceived usefulness 
dimension. There were no respondents who disagreed or strongly disagreed with the perceived 
usefulness dimension. Regarding the attitude toward use dimension, Table 7 shows that 87% of 
respondents agreed and 13% of respondents strongly agreed, and there were no respondents 
who disagreed or strongly disagreed with this dimension. For the behavioral intention to use 
dimension, 67% of respondents agreed and 33% strongly agreed, with no respondents 
disagreeing or strongly disagreeing. Table 7 indicated that 73% of respondents agreed and 27% 
strongly agreed with the job relevance dimension, and there were no respondents who disagreed 
or strongly disagreed.  
 

Table 8. Distribution of respondents according to their assessment of working length accuracy. 
Assessment of working length accuracy Frequency Percentage (%) 

Low 0 0 
Fair 10 67 
High 5 33 
Total 15 100 

 
Table 8 shows that 67% of the assessments of working length measurement accuracy on 

digital periapical radiography were in the fair category, 33% were in the high category, and none 
were in the low category. Accuracy assessments are considered low when X>1 mm, fair when 0.5 
mm < X ≤ 1 mm, and high when X ≤ 0.5 mm (Table 1).11-12 The variable X represents the 
difference between the working length measured using digital periapical radiography and the root 
canal working length measured using an apex locator by the treating dentist. The working length 
accuracy assessments were obtained from the questionnaires completed by the dentists. 

Table 9 shows that the Spearman correlation coefficient (r) between the total score of the 
dentist satisfaction questionnaire and the assessment of working length accuracy is 0.662, with a 
p-value of 0.007. The results of the Spearman correlation test indicate a strong (r = 0.662) and 
significant (p<0.05) correlation between dentists’ satisfaction and their assessment of working 
length accuracy on digital periapical radiography. 
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Table 9. Result of spearman correlation test 

No Evaluation parameter Result of Spearman Correlation Test Description 

1 Sig- value (p) 0,007 <0.05 = significant correlation 
>0.05 = not significant 

2 Correlation coefficient (r) 0,662 

0.01–0.19: Not correlated 
0.20–0.29: Weak correlation 
0.30–0.39: Moderate correlation 
0.40–0.69: Strong correlation 
>0.70: Very strong corelation 

3 Direction of correlation Positive 

positive correlation: 
direct relationship 
negative correlation: 
indirect relationship 

 
DISCUSSION  

 
Comparison of working length measurements obtained from digital periapical radiographs 

and an EAL using the Mann–Whitney U test showed no statistically significant difference 
(p=0.291). This result indicates that radiographic working length measurements performed using 
digital imaging software are consistent with clinical measurements obtained using the EAL, 
supporting their clinical applicability for endodontic treatment planning. This finding is consistent 
with previous studies showing that periapical radiography and electronic apex locators yield 
comparable accuracy in determining root canal working length.5 

The satisfaction level of dentists regarding the assessment of radiographic working length 
accuracy at the Radiology Department of Prof. Soedomo Dental Hospital, Universitas Gadjah 
Mada, shows that the majority of dentists are highly satisfied (Table 6).This high level of 
satisfaction is consistent with the principles of TAM, where user acceptance is driven by perceived 
usefulness, ease of use, and overall operational efficiency.20 The accuracy of diagnostic 
interpretation in digital radiography is one of the factors influencing dentist satisfaction.28,27,29  

The results of the Spearman correlation analysis in this study showed a Spearman correlation 
coefficient (r) of 0.662 and a p-value (p) of 0.007 (p<0.05) (Table 9). The results of the 
Spearman correlation test indicated a statistically significant association between the level of 
dentist satisfaction and the assessment of accuracy in working length measurement using digital 
periapical radiography. This relationship was positive, with a strong correlation, indicating that 
higher assessments of working length accuracy were associated with higher levels of dentist 
satisfaction.These results align with findings by Garabedian et al.,30 who demonstrated that 
clinician satisfaction with digital systems in healthcare settings is strongly tied to system accuracy, 
usability, and operational performance in daily clinical tasks. One factor influencing dentist 
satisfaction with digital radiography is diagnostic accuracy.29 Detailed and accurate interpretation 
of radiographs may affect dentists' satisfaction in the Radiology Department.31 The results for the 
attitude toward use dimension showed that 87% of respondents agreed and 13% strongly agreed 
that they had a positive and confident attitude toward using digital radiography software for 
working length measurement (Table 7).    

This high proportion of positive attitudes aligns with technology acceptance literature 
showing that user acceptance and confidence in digital tools stem directly from system 
dependability and ease of operational integration.30 Attitude toward use reflects whether someone 
likes or dislikes something.30 For the behavioral intention to use dimension, 67% of respondents 
agreed and 33% strongly agreed. Respondents reported an intention to reuse the digital 
radiography software for working length measurement and recommend its use to professional 
colleagues. Someone who is genuinely satisfied with a result will recommend it to others and 
reuse that service.32 Interest in repeated use may arise after users experience the usefulness of a 
service.33 An individual's satisfaction can be observed behaviorally through their intention for 
repeated usage (repurchase intention).34 Repurchase intention is the continued use of a service 
due to the fulfillment of one's expectations (satisfaction).35  

This intention for repeated usage is also supported by data on digital periapical radiography 
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working length measurements at the Radiology Department of Prof. Soedomo Dental Hospital, 
Universitas Gadjah Mada. There were 15 dentists who participated in this study, and, on average, 
each dentist submitted working length measurement requests more than once. Based on the 
analysis of satisfaction dimensions in terms of job relevance, 73% of respondents agreed and 
27% strongly agreed that the use of digital radiography software for working length measurement 
was relevant to their work as dentists and enhanced their professional performance. This strong 
consensus on professional utility aligns with technology acceptance literature, which demonstrates 
that the perceived relevance of digital tools to core clinical duties significantly enhances user 
satisfaction and technology adoption.30 Job relevance has a positive impact on perceived ease of 
use and usefulness dimensions and correlates with satisfaction.21 

The assessment of working length accuracy in digital periapical radiography at the Radiology 
Department of Prof. Soedomo Dental Hospital, Universitas Gadjah Mada, was mostly in the fair 
category, with 67% of respondents (10 dentists) classified as fair and 33% (5 dentists) classified 
as high. This distribution of accuracy reflects common challenges reported in endodontic 
radiography, where minor geometric distortions during the bisecting angle technique can lead to 
slight discrepancies in working length determination compared to electronic apex locators.9 The 
result of this study indicated working length measurement using software in digital periapical 
radiography at the Radiology Department of Prof. Soedomo Dental Hospital, Universitas Gadjah 
Mada, mostly fell within the fair category, which means that the difference in working length 
measurement using digital periapical radiography compared to the working length using an apex 
locator falls within the range of >0.5 to ≤1 mm (0.5 mm < X ≤ 1 mm).11-12 

This assessment of working length accuracy is an evaluation by the responding dentists 
regarding how well the measurement of root canal length corresponds to their accuracy 
expectations. In this study, the results indicate that there was no significant difference between 
the working length measurements obtained using the two different methods (Table 5). This 
comparability aligns with systematic review evidence demonstrating that digital radiography and 
electronic apex locators achieve equivalent precision in determining endodontic working length, 
despite operating through different technical principles.3 The EAL is more efficient because it is 
effective, does not induce a gag reflex, and does not involve radiation exposure, unlike digital 
radiography. The efficacy of the EAL was high, and it can even be used when the root canal is 
filled with irrigating solution and blood. However, both digital radiography and EAL methods have 
similar efficacy and accuracy, providing measurements close to the actual working length.5 
Combining both methods may provide a more comprehensive assessment than using either 
method alone. 

One factor that could lead to the relationship between two variables not falling into the very 
strong relationship category is that 67% of the assessments of accuracy by respondents were in 
the fair category and 33% were in the high category (Table 8), while the level of dentist 
satisfaction with the assessment of working length accuracy shows that 60% of dentists were very 
satisfied, and 40% were satisfied (Table 6). This divergence between objective performance 
scores and user satisfaction is consistent with health technology acceptance research, which 
shows that subjective user expectations and overall clinical utility often exert a stronger influence 
on user satisfaction than technical precision alone.36   

Based on this study, although some dentists rated working length measurement accuracy as 
fair, they still reported being very satisfied with the measurement results. Satisfaction with a result 
is also influenced by subjective factors, which may lead some dentists to feel that the working 
length measurement results meet their expectations.36 Satisfaction can also be formed from 
previous experiences, so some dentists may have formed their satisfaction with the service when 
they received previous working length measurement results.37 Another reason that could explain 
the relationship between these two variables due to the absence of data on dentist satisfaction 
levels among assessments classified as having low accuracy. 

Factors that can lead to inaccuracies in measuring working length using digital periapical 
radiography include the quality of radiographic images used for interpretation.1 Many studies have 
reported the quality of radiographic images can improve diagnostic accuracy.36 Radiographs can 
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produce less accurate measurements of working length due to the curvature of the root canal and 
the fact that the apical foramen is not always located at the root apex. In addition, observer 
variability and differences in clinical experience may also affect the accuracy of radiographic 
working length measurements.13 The subjective tendency of observers when interpreting 
radiographs can affect the level of accuracy of radiographic working length measurements.37  

The use of the bisecting angle technique in radiographic imaging can lead to inaccuracies in 
measuring working length. According to Garg and Garg et al.,1 the parallel technique has been 
reported to be superior to the bisecting angle technique in providing radiographic images of tooth 
apical anatomy. This is consistent with the fact that the parallel technique can provide better 
working length measurements.13 The limitation of the bisecting angle technique is that distortion 
can occur because of errors in horizontal and vertical angulation. Errors in vertical angle 
placement can lead to elongation or shortening of tooth images on radiographs.38 In the parallel 
technique, there is an aid, such as a film holder, that provides a standardized reference for 
angulation and can reduce the risk of vertical distortion.39,40 

Although most working length assessments were categorized as having fair accuracy, the 
overall level of dentist satisfaction was high. This apparent discrepancy may be explained by the 
nature of TAM, which evaluates users' perceptions of a technology rather than its objective 
diagnostic performance. In this study, satisfaction reflected dentists' perceptions of the digital 
periapical radiography system in terms of perceived ease of use, perceived usefulness, attitude 
toward use, behavioral intention to use, and job relevance, rather than the accuracy of the 
working length measurements alone.20,30  

Furthermore, dentists' satisfaction may be influenced by the practicality and efficiency of 
digital periapical radiography in routine clinical practice. Even when the measured accuracy is 
classified as fair, the technique provides immediate image acquisition, facilitates image 
interpretation and communication, and integrates well into the clinical workflow. These 
advantages may contribute to positive user perceptions despite limitations in measurement 
accuracy. Therefore, high satisfaction should not be interpreted as indicating high diagnostic 
accuracy but rather as reflecting favorable user acceptance of the technology. This finding also 
suggests that objective diagnostic performance and subjective user acceptance represent 
complementary but distinct aspects of technology evaluation. Both should be considered when 
assessing the clinical applicability of working length determination methods. 

The limitations of this study are the very limited number of dentist respondents, which 
restricts the ability to generalize these findings to a broader population of dental professionals. 
Additionally, this research did not account for the variability among different radiologists and 
dentists in their subjective interpretation of the apical constriction. Subjective observer bias and 
differences in clinical experience with digital radiographic interpretation may have influenced the 
accuracy assessments and the determined endpoints of the working length measurements. 

The findings of this study indicate that dentists reported a high level of satisfaction with 
digital periapical radiography for working length assessment despite the accuracy assessments of 
the measurements being predominantly classified as fair. This apparent discrepancy suggests that 
clinician satisfaction is influenced by factors beyond diagnostic accuracy alone. Within the 
framework of TAM, users' acceptance of a technology is determined by perceived usefulness and 
perceived ease of use, which subsequently shape attitudes toward using the technology and the 
intention to continue its use. Consequently, dentists may express high satisfaction because digital 
periapical radiography is practical, readily available, easy to interpret, and efficiently integrated 
into routine clinical workflows, even when its measurement accuracy is not consistently optimal. 

These findings emphasize that objective diagnostic performance and user acceptance 
represent complementary but distinct dimensions of technology evaluation. While measurement 
accuracy remains fundamental for successful endodontic treatment, clinicians' confidence in, and 
acceptance of, a diagnostic method also influence its implementation in daily practice. Therefore, 
digital periapical radiography should not be evaluated solely on the basis of technical accuracy but 
also on its usability and its ability to support clinical decision-making. Nevertheless, the 
predominance of fair accuracy indicates that radiographic assessment should be interpreted 
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cautiously and, whenever possible, complemented by EAL or other validated methods to improve 
working length determination. From a clinical perspective, the results suggest that digital 
periapical radiography remains a valuable adjunct for working length assessment because of its 
accessibility, efficiency, and favorable user acceptance. However, clinicians should recognize that 
high satisfaction does not necessarily reflect superior diagnostic accuracy. Instead, treatment 
decisions should integrate radiographic findings with clinical examination, EAL measurements, and 
professional judgment to support appropriate endodontic treatment planning. 

Future research should include a larger and more diverse sample of dentists and patients to 
improve the generalizability of these findings and strengthen statistical power. Comparative 
studies evaluating the bisecting-angle and paralleling techniques under standardized clinical 
conditions would help determine whether differences in radiographic technique translate into 
clinically meaningful improvements in working length accuracy and user satisfaction. In addition, 
future investigations should incorporate validated technology acceptance instruments together 
with objective measures of diagnostic performance to further elucidate the relationship between 
clinician perceptions and actual measurement accuracy. Exploring the influence of software 
characteristics, including image enhancement functions, calibration systems, and digital 
measurement tools, may also provide valuable insights for optimizing digital endodontic protocols 
and improving both diagnostic performance and user experience. 

Future studies should recruit larger and more diverse samples of dentists and clinical cases 
to improve the external validity of the findings. In addition, future research should evaluate inter- 
and intra-observer agreement in working length assessment to determine the consistency of 
clinicians' interpretations. Comparative studies involving different radiographic techniques, such as 
the paralleling and bisecting-angle techniques, as well as objective reference standards for 
working length determination, would further clarify the relationship between clinicians' perceived 
accuracy, technology acceptance, and objective measurement performance. 
 
CONCLUSION 
 

A positive association was observed between dentists' satisfaction and their perceived 
accuracy of working length assessment using digital periapical radiography. Dentists who 
perceived higher accuracy in working length assessment also reported higher levels of satisfaction 
with the use of digital periapical radiography. In addition, no significant difference was found 
between working length measurements obtained using digital periapical radiography and those 
obtained using an EAL, suggesting that the two methods produced comparable measurements 
under the conditions of this study. The implication of these findings is that integrating digital 
periapical radiography into routine endodontic workflows may enhance dentists' satisfaction and 
diagnostic confidence. Furthermore, the use of digital imaging systems alongside EALs may 
support clinical decision-making while potentially improving the efficiency and quality of 
endodontic care.  
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