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A B S T R A C T   

Purpose: Dentists spend a long time the day in the position. It is possible that this leads to discomfort that may 
translate to procedural errors during treatment, such as root canal treatment. This study aims to investigate the 
relationship of working posture and procedural errors in endodontic manipulations. 
Materials and Methods: 32 dentists (17 men, 53.13%, and 15 women, 46.88%) from the University Dental 
Polyclinic of Uzhhorod National University (Uzhhorod, Ukraine) were included in the study. REBA, RULA, 
frequency of procedural errors were analysed using regression. 
Results: This study revealed a surprising trend where a decrease in errors during endodontic treatment was 
associated with higher RULA and REBA scores, contrary to the expected increase in errors with higher ergonomic 
stress. Additionally, the research highlighted the significant impact of a dentist’s handedness and tooth position 
in the dental arch on treatment ergonomics and efficiency, as observed and analyzed through ergonomic as-
sessments and statistical methods. 
Conclusions: The study conclusively demonstrated that optimal positioning and alignment during dental pro-
cedures significantly contribute to a reduction in procedural errors, underscoring the importance of ergonomics 
in clinical dentistry.   

1. Introduction 

Errors that occur during endodontic treatment in dentistry are often 
the cause of an unsuccessful outcome for both the dentist and the patient 
(Koshy et al., 2017; Blume et al., 2021; Ohlendorf et al., 2021; Holzgreve 
et al., 2022). Complications arising during root canal treatment, such as 
iatrogenic perforation, root canal blockage, and separation of a part of 
the instrument, affect the outcome of endodontic treatment. If clinicians 
understand how each of the possible complications occurs, they will be 
able to prevent treatment complications in advance (Godovanets et al., 
2020). Procedural errors occur because of lack of training, experience, 
time and also posture position (Holzgreve et al., 2022). Assessment of 
probable factors that determine the prognosis of treatment is important 
for choosing the correct method of intervention and correctly informing 
the patient about the consequences of treatment and complications 
(Godovantes et al., 2020). D. Chenna et al. (2022) note in their study 
that a high prevalence of work-related musculoskeletal disorders was 
noted among dentists, approximately seven out of ten had this pathology 

in the past. This highlights the need for physicians to be aware of and 
adopt appropriate ergonomic postures early in their careers to minimize 
work-related musculoskeletal disorders (Sakaguchi et al., 2022). End-
odontic treatment is one of the more intricate and demanding proced-
ures in dentistry. Root canal treatments, especially for molars or 
complicated cases, can typically take anywhere from 90 min to several 
hours (Aliev, 2022). 

Ergonomics is fundamental in dentistry to ensure the well-being of 
the practitioner and to optimize clinical outcomes (Slivkina et al., 2020). 
Measuring and addressing ergonomics in dentistry and specifically in 
endodontics is essential for the long-term health and efficiency of the 
practitioner (Slivkina et al., 2020). The RULA and REBA tools provide 
structured methods to assess and improve upon these ergonomic 
practices. 

Interpreting RULA and REBA Scores:  

• Scores 1–2: Acceptable posture;  
• Scores 3–4: Further investigation, change might be needed; 
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• Scores 5–7 (RULA) or 5–8 (REBA): Changes are likely required;  
• Scores 7+ (RULA) or 9–15 (REBA): Immediate action is required 

(Blume et al., 2021). 

The goal of this study is to find out how ergonomic factors (measured 
by the RULA and REBA scores) affect the number and types of mistakes 
made at different stages of endodontic treatment. Specifically, this 
research aims to establish a predictive model that correlates ergonomic 
scores with the frequency and types of endodontic treatment errors, 
while acknowledging the influence of other contributing factors, to 
provide a more holistic understanding of error reduction in dental 
practice. 

2. Materials and methods 

This retrospective study included 32 dentists (17 men, 53.13 %, and 
15 women, 46.88 %) from the University Dental Polyclinic of Uzhhorod 
National University (Uzhhorod, Ukraine). Participants were selected 
based on their regular involvement in endodontic treatments. Each 
provided informed consent, with 4 withdrawing due to time constraints. 
The remaining participants were evenly divided into a research group 
and a control group, each comprising 14 dentists, with a balanced dis-
tribution of demographics and experience. 

In this study, out of the 600 radiographs analyzed, 300 were taken 
before the ergonomic intervention and 300 after, to effectively compare 
the quality of endodontic treatments pre- and post-intervention. The 
retrospective nature of the study arises from analyzing past radiographs 
taken during routine dental procedures, which were then evaluated for 
treatment quality and procedural errors. Regarding procedural errors 
post root canal therapy (RCT), it was found that of the 300 post- 
intervention radiographs, 45 showed signs of procedural errors. It’s 
important to note that all the root canal treatments in this study were 
initial treatments performed by the dentists in the research group, 
ensuring that no other dental professionals had previously accessed 

these teeth. This approach was crucial to accurately assess the impact of 
ergonomic adjustments on the quality of RCT and the prevalence of 
procedural errors. 

Both groups were monitored for changes in ergonomic compliance 
using RULA and REBA criteria. A trained ergonomics expert observed 
the dentists, noting their postures, the duration in particular postures, 
equipment positioning, and patient-dentist alignment. The ideal posi-
tion of working describes in Fig. 1. 

The SPSS Statistics software (IBM SPSS, USA) was utilized for data 
analysis. We employed non-parametric statistical methods, including 
Student and Mann-Whitney tests for assessing reliability differences and 
regression analysis for prognostication. Significance was set at a prob-
ability error of p < 0.05. 

3. Results 

3.1. Radiographic results 

At the stage of categorization of errors and complications during 
endodontic treatment, 389 cases of clinical errors and complications 
were investigated and divided into two categories. The first category is 
at the obturation stage: inhomogeneous obturation, under obturation, 
extrusion of filling material. The second category is at the stage of 
overexpansion of the endodontic space, separation of the instrument, 
perforation, transposition of the apex area, and missed canal. The survey 
made it possible to single out the most common reasons: lack of 
awareness, according to 13 doctors (40.63 %), impossibility of practical 
implementation (without detailing the reasons), according to 8 doctors 
(25 %), lack of time, according to 22 doctors (68.75 %), lack of material 
and technical support, in the opinion of 14 doctors (43.75 %), pecu-
liarities of the clinical situation, in the opinion of 27 doctors (84.38 %), 
personal unfitness, in the opinion of 17 doctors (53.14 %). 

In the study, to determine the specificity of indicators of compliance 
with the parameters of the ergonomics of doctors’ work, the 

Fig. 1. The ideal working position. 
Source: Why is Ergonomics Important in Dentistry? (n.d.). 
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redistribution of groups was monitored in accordance with the RULA 
and REBA criteria, depending on the time spent on work. When per-
forming endodontic interventions on average for up to 3 h per day, REBA 
indicators at the level of 1 point were noted when analysing the work of 
1 dentist (14.29 %), at the level of 2–3 points – when analysing the work 
of a dentist. 2 dentists (28.57 %), at the level of 4–7 points – when 
analysing the work of 3 dentists (42.86 %), at the level of 8–10 points – 
when analysing the work of 1 dentist (14.29 %), at the level of 11 points 
and more – not registered. 

3.2. Retrospective survey results 

According to REBA scores, the study found significant ergonomic 
risks in dentists’ working positions during endodontic treatments 
without a microscope. While operating microscopes improved ergo-
nomic positions, they did not eliminate high-risk scenarios. Addition-
ally, binoculars or other magnifying devices often lead to less ergonomic 
compliance. The analysis revealed that many dentists violated basic 
ergonomic principles, suggesting a need for improved working condi-
tions to reduce musculoskeletal diseases. Furthermore, while most 
dentists used rotary and manual endodontic instruments, a few did not 
meet optimal usage criteria, and the use of optical magnification 
equipment was not fully adhered to by all. The reasons for not fully 
adopting ergonomic practices in endodontics include unawareness, 
impracticality, time constraints, material limitations, specific clinical 
circumstances, and personal incompatibility. Even taking into account 
the fact that 26 dentists worked with the help of an assistant, in 2 cases, 
non-compliance of the work with the recommended ergonomics proto-
col was noted. The non-compliance was likely identified through the 
analysis of ergonomic parameters using the RULA and REBA criteria. 

127 cases of registered errors that occurred during the endodontic 
treatment of molars of the upper jaw were characterized in Table 1. 

The range of RULA 1–2 indicators registered among doctors who 
performed endodontic treatment accounted for 10.03 % of all errors 
noted in the studied sample during the implementation of iatrogenic 
interventions in the structure of root canals, including 0.77 % in the 
treatment of incisors, 0.51 % in the treatment of canines, 3. 34 % in the 
treatment of premolars, and 5.40 % in the treatment of molars. 14.14 % 
of all errors made during endodontic interventions were noted among 
doctors whose ergonomic features of work corresponded to the range of 
RULA 3–4 indicators: 1.29 % in the treatment of incisors, 1.03 % in the 
treatment of canines, 4.37 % in the treatment of premolars, and 7.46 % 
in the treatment of molars. 

3.3. RIBA/RULA results 

A regression analysis evaluated the influence of dentists’ work er-
gonomics on error frequency during endodontic treatments. The 
research looked at incisors, canines, premolars, and molars and found 
that errors could be predicted at different RULA (Rapid Upper Limb 
Assessment) ergonomic levels. Notably, molars showed the highest error 
rate during endodontic treatment, but no clear trend of increasing errors 

with higher RULA scores was observed (as detailed in Table 2). 
The study’s regression analysis utilized RULA and REBA scales to 

predict errors in endodontic treatment for various tooth types. The re-
sults indicate the effectiveness of these ergonomic scales in forecasting 
treatment errors, particularly the higher frequency of errors in molar 
treatments. Both RULA and REBA were found to be suitable for assessing 
dentists’ ergonomics in clinical settings. Detailed parameters of these 
relationships are presented in Table 3. 

In the constructed model, we assessed the impact of forecasted var-
iables on the likelihood of developing complications at different stages 
of root canal treatment. This was achieved by incorporating correction 
coefficients, represented by numerical values, alongside RULA (Rapid 
Upper Limb Assessment) and REBA (Rapid Entire Body Assessment) 
indicators. Additionally, we considered the prognostic impact of other 
variables in relation to patterns of body posture deviations and specific 
elements of the musculoskeletal system, which were identified through 
discrete-event modeling and had ergonomic relevance. Consequently, 
by factoring in these ergonomic indicators, it becomes feasible to predict 
and potentially prevent errors related to posture during endodontic 
treatment. 

In this study, the analysis of the impact of a dentist’s handedness and 
tooth position in the dental arch revealed that right-handed dentists 
experienced fewer ergonomic-related errors when treating teeth on the 
patient’s right side, and similarly, left-handed dentists showed better 
ergonomic efficiency on the left side. The REBA and RULA assessments 
also indicated that improper positioning of dental equipment and pa-
tient alignment significantly increased the risk of procedural errors, 
particularly in less accessible areas of the dental arch. 

4. Discussion 

This is one of the first studies to combine different approaches and 
techniques to compute a digital assessment of work-related physical 
strain, which can be utilized in medicine to examine the work patterns of 
healthcare professionals. This study shows a gradual transition from a 
general high-level calculation, such as regression analysis using RULA 
and REBA indicators, to the application of these calculations in practice. 
The RULA score shows the overall ergonomic load on the doctor. The 
novelty of the study is also the establishment of relationships between 
the ergonomic components of the dentist’s work and the risk of errors 
during root canal treatment. 

F. Holzgreve et al. (2022) found that endodontists and orthodontists 
spend less time with higher risk indicators compared to general dentists 
or maxillofacial surgeons, due to the more specialized and controlled 
nature of their procedures which often involve less physically 
demanding or invasive techniques. Consequently, the researchers sug-
gest that dentists should consistently engage in ergonomic or strength 
exercises to enhance their practice. These results collectively underscore 
the role of ergonomics not only in preventing musculoskeletal disorders 
but also in improving the precision and efficiency of dental treatments, 
including endodontic procedures. 

D. Ohlendorf et al. (2021) researched 475 dentists across various 
workplaces, finding that both dentists and assistants worked with high 
ergonomic risk (highest RULA score) for 95–97 % of their working 
hours. The study showed that the dentist’s posture is more influenced by Table 1 

Errors during the endodontic treatment of molars in the upper jaw.  

Error Category Number of 
Cases 

Percentage 
(%) 

Inhomogeneous obturation 15  11.81 
Under obturation to the level apical narrowing 22  17.32 
Extrusion of filling material into the subapical 

space 
30  23.62 

Overexpansion of the endodontic space 12  9.45 
Separation of the endodontic tool 14  11.02 
Perforation of the tooth root wall 12  9.45 
Apex transposition 11  8.66 
Missed root canal 11  8.66  

Table 2 
Levels of prediction and standardized residual variables (standardized de-
viations of goodness-of-fit) according to RULA criteria.  

Points for RULA Number of errors, cases 

Incisors Canines Premolars Molars 

1–2  12.5  4.3  15.2  17.1 
3–4  15.6  6.4  29.8  75.8 
5–6  7.3  6.9  37.2  105.2 
7  6.61  4.3  17.6  26.7  
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the complexity of the dental procedure than modern equipment, with a 
notable inverse correlation between the RULA index and errors in end-
odontic treatment, indicating ergonomic factors’ impact on treatment 
outcomes. The current study complements the findings of D. Ohlendorf 
et al. (2021) by highlighting the impact of ergonomics on both practi-
tioner well-being and procedural accuracy. This underlines the impor-
tance of ergonomic optimization in dental workstations not only for 
dentist health but also for enhancing treatment quality and patient 
outcomes. 

In the analysed studies of other authors (McCabe and Dummer, 2012; 
Burya, 2014; Asgary and Talebzadeh, 2019; Rossi-Fedele et al., 2020; 
Lio et al., 2021), such a number of indicators of ergonomics of the dentist 
and the results of the endodontic treatment of patients as in the current 
study were not taken into account and compared. A detailed analysis of 
complications that arise during endodontic treatment helps to determine 
the main factors affecting the occurrence of errors (Cintra et al., 2021; 
Chaniotis and Chanioti, 2022; Wei et al., 2022). The current study was 
one of the first to show the relationship between ergonomic indicators 
and the presence of errors in root canal treatment. 

In other studies, it has been demonstrated that stretching activities 
and in particular Yoga are beneficial for WMSDs (Kumar et al., 2014, 
Koneru and Tanikonda, 2015; Lauche et al., 2017, Gandolfi et al., 2021, 
Gandolfi et al., 2023) by promoting circulation by reducing muscle 
tension (Krzysztofik et al., 2022). Yoga resulted effective for back and 
neck pain (Michalsen et al., 2012, Cramer et al., 2013), shoulder pain 
(Gandolfi et al., 2023), wrist and forearm disorders (Gandolfi et al., 
2023, Lauche et al., 2017), and tension headache and cervicogenic 
headache (Khalil et al., 2023, Gandolfi et al., 2023). 

5. Conclusions 

The research showed that using ergonomic parameters, such as REBA 
and RULA scales, the posture of the dentist can be measured. This 
research establishes a direct correlation between ergonomic practices 
and the accuracy of endodontic procedures, revealing that dentists with 
better ergonomic scores, as measured by RULA and REBA, tend to 
commit fewer procedural errors. The study specifically finds that den-
tists’ handedness and the tooth’s position significantly influence the 
treatment outcome, with right-handed dentists performing more effi-
ciently on right-side teeth and vice versa for left-handed practitioners. 
Moreover, the proper alignment of dental equipment and patient posi-
tioning are crucial in minimizing error rates, especially in complex 
treatments involving molars. These insights highlight the necessity for 
dental practitioners to adopt ergonomic strategies tailored to individual 
treatment scenarios, enhancing both treatment precision and overall 
patient care. 
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