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Objectives: This study aimed to evaluate the technical quality of root canal fillings (RCFs) performed by undergraduate 
students using different instrumentation techniques on extracted human teeth. 
Materials and Methods: A total of 200 permanent human teeth (72 canines, 62 maxillary first premolars, and 66 mandibular 
molars) were obturated by students following hand instrumentation (HI) (n = 100) or rotary instrumentation (RI) (n = 100). 
Overall technical quality, filling length, density, taper, iatrogenic errors, and preparation and obturation times were assessed 
according to instrumentation technique and tooth type. Group comparisons were analysed using generalized estimating 
equations (GEE), and preparation and obturation times were analysed using linear mixed models. 
Results: Overall, 76 of 200 teeth (38.0%) were classified as acceptable. RI significantly increased the odds of acceptable RCF 
quality versus HI (OR = 4.03, 95% CI: 1.54–10.53; p = 0.004), with a significant instrumentation-by-tooth-type interaction (p 
= 0.004).  Crude proportions were higher with RI than HI (45.0% vs. 31.0%), with the largest difference in molars (47.1% vs. 
18.8%; p = 0.015), while subgroup differences were not significant in canines (69.4% vs. 50.0%; p = 0.093) or premolars 
(13.3% vs. 21.9%; p = 0.379). RI was associated with better length and taper (p = 0.002 and p < 0.001, respectively), whereas 
density did not differ significantly (p = 0.095). Iatrogenic errors occurred in 14.5% of teeth and were not significantly different 
between techniques (p = 0.159), although they were more frequent in premolars and molars than in canines. Linear mixed 
models showed significantly shorter preparation and obturation times with RI (both p < 0.001). 
Conclusions: RI improved the overall technical quality of RCFs and significantly reduced preparation and obturation times 
compared with HI, with the greatest benefit observed in molar teeth, while the incidence of iatrogenic errors was 
comparable between techniques. 
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Preklinik Diş Hekimliği Öğrencileri Tarafından Yapılan Kök Kanal Dolgularının Teknik 
Kalitesi: Randomize Çapraz Tasarımlı Bir Çalışma 
Araştırma Makalesi ÖZ 

Amaç: Bu çalışma, çekilmiş insan dişleri üzerinde farklı enstrümantasyon teknikleri kullanılarak lisans öğrencileri tarafından 
yapılan kök kanal dolgularının (KKD) teknik kalitesini değerlendirmeyi amaçladı. 
Gereç ve Yöntemler: Toplam 200 daimi insan dişi (72 kanin, 62 maksiller birinci premolar ve 66 mandibular molar), 
öğrenciler tarafından el enstrümantasyonu (EE) (n = 100) veya rotary enstrümantasyon (RE) (n = 100) sonrası dolduruldu. 
Genel teknik kalite, dolgu uzunluğu, densite, koniklik (taper), iyatrojenik hatalar ile preparasyon ve obturasyon süreleri; 
enstrümantasyon tekniği ve diş tipine göre değerlendirildi. Gruplar arası karşılaştırmalar genelleştirilmiş tahmin denklemleri 
(GTD) kullanılarak analiz edildi; preparasyon ve obturasyon süreleri ise lineer karma modeller ile değerlendirildi. 
Bulgular: Toplam 200 dişin 76’sı (%38,0) kabul edilebilir olarak sınıflandırıldı. RE, EE’ye kıyasla kabul edilebilir kök kanal 
dolgusu (KKD) kalitesine ulaşma olasılığını anlamlı düzeyde artırdı (OR = 4,03; %95 GA: 1,54–10,53; p = 0,004) ve 
enstrümantasyon tekniği ile diş tipi arasında anlamlı bir etkileşim saptandı (p = 0,004). Ham oranlar RE grubunda EE grubuna 
göre daha yüksekti (%45,0’a karşı %31,0); en büyük fark molarlarda görüldü (%47,1’e karşı %18,8; p = 0,015), ancak alt grup 
karşılaştırmalarında kaninlerde (%69,4’e karşı %50,0; p = 0,093) ve premolarlarda (%13,3’e karşı %21,9; p = 0,379) anlamlı 
fark izlenmedi. RE, uzunluk ve koniklik açısından daha iyi sonuçlarla ilişkiliydi (sırasıyla p = 0,002 ve p < 0,001), buna karşın 
yoğunluk açısından anlamlı fark yoktu (p = 0,095). İyatrojenik hatalar dişlerin %14,5’inde görüldü ve teknikler arasında 
anlamlı farklılık göstermedi (p = 0,159); bununla birlikte, premolar ve molarlarda kaninlere göre daha sık gözlendi. Lineer 
karma modeller, RE ile preparasyon ve obturasyon sürelerinin anlamlı derecede daha kısa olduğunu gösterdi (her ikisi için p 
< 0,001). 
Sonuçlar: RE, EE’ye kıyasla kök kanal dolgularının genel teknik kalitesini artırdı ve preparasyon ile obturasyon sürelerini 
anlamlı derecede azalttı; en belirgin fayda molar dişlerde gözlenirken, iyatrojenik hata insidansı teknikler arasında benzerdi. 
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Introduction 

Successful root canal treatment depends on effective 
chemomechanical preparation and three-dimensional 

obturation of the root canal system to prevent persistent 
or recurrent infection. Numerous outcome studies have 
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demonstrated that the technical quality of root canal 
obturation—particularly with respect to apical length 
control, taper, density, and the absence of procedural 
errors—is strongly associated with periapical healing and 
long-term treatment success.1,2  

Radiographic assessment of root canal fillings (RCFs) 
has therefore been widely accepted as a practical and 
reliable surrogate measure of treatment quality and 
prognosis.1 Inadequate obturation length, poor density, 
voids, and iatrogenic errors such as ledge formation, canal 
transportation, and perforation have been consistently 
linked to unfavorable outcomes and post-treatment 
disease.2 Based on this evidence, international quality 
standards—including the European Society of 
Endodontology (ESE) guidelines—emphasize that 
graduating dental students must be competent in 
delivering technically acceptable root canal treatments in 
both single- and multi-rooted teeth.3 According to these 
guidelines, acceptable obturation is defined by extension 
to within 0–2 mm of the radiographic apex, continuous 
taper, adequate density without visible voids, and 
preservation of the original canal anatomy.  

Despite advances in endodontic instruments and 
teaching methodologies, several studies have reported 
variable and often suboptimal technical quality of root 
canal treatments performed by undergraduate dental 
students, with acceptable rates ranging widely across 
institutions and tooth types.4-6 Posterior teeth, 
particularly molars, present additional anatomical 
challenges and have been associated with higher rates of 
technical deficiencies and procedural errors when treated 
by students.5,7 

At the Faculty of Dentistry, Burdur Mehmet Akif Ersoy 
University, preclinical endodontic training is delivered 
during the second and third years before clinical patient 
care. In the second year, students receive foundational 
training in working-length determination, root canal 
preparation, and obturation on extracted teeth. In the 
third year, this training is expanded to include more 
complex tooth types, including multi-rooted teeth, to 
further develop technical skills. This staged curriculum is 
intended to progressively develop students’ psychomotor 
competence.5,8 Accordingly, the present findings reflect 
performance at an early preclinical stage and provide 
feedback on the effectiveness of the undergraduate 
training program before clinical practice. 

The introduction of nickel–titanium (Ni-Ti) engine-
driven instrumentation systems has significantly 
influenced endodontic education. Compared with 
conventional stainless-steel hand files, Ni-Ti systems have 
been associated with improved canal shaping, better 
taper control, and reduced canal transportation, 
particularly in curved canals.9 Several undergraduate 
studies have reported higher rates of technically 
acceptable root canal treatments when Ni-Ti rotary or 
reciprocating instruments were used, especially in 
posterior teeth and high-difficulty cases.6,10 

Nevertheless, the available evidence remains 
inconclusive. Some studies have shown comparable 

overall technical quality between hand and Ni-Ti  
instrumentation, while others have reported technique-
specific differences in procedural error patterns, such as 
over-instrumentation, underfilling, or inadequate 
obturation density.4,6 Moreover, many investigations are 
retrospective clinical audits with heterogeneous tooth 
distributions and non-standardized evaluation criteria, 
limiting direct comparison between instrumentation 
techniques.11,12 

The aim of this study was to evaluate and compare the 
technical quality and procedural time of RCFs performed 
by third-year preclinical dental students in canine, 
premolar, and molar teeth using stainless steel hand 
instrumentation (HI) and Ni-Ti rotary instrumentation (RI). 
The null hypothesis was that no significant differences 
would be observed in technical quality, iatrogenic error 
rates, or preparation and obturation times between the 
two instrumentation techniques, irrespective of tooth 
type. 

Materials and Methods 

This randomized crossover study was conducted to 
evaluate the technical quality of RCFs performed by third-
year undergraduate students at the Faculty of Dentistry, 
Burdur Mehmet Akif Ersoy University, using stainless steel 
HI and Ni–Ti RI. For each student, both HI and RI were 
planned in three different tooth types: canine, maxillary 
first premolar, and mandibular first molar. Participation in 
the study was entirely voluntary, and written informed 
consent was obtained from all participants. The study 
protocol was approved by the Ethics Committee of Burdur 
Mehmet Akif Ersoy University (11-2025/2232). The 
research was conducted between 16.11.2025 and 
07.01.2026, and all procedures were carried out in 
accordance with the principles of the Declaration of 
Helsinki. 

Randomization and Intervention Sequence 
The study was designed as a two-sequence 

randomized crossover study in which students performed 
both instrumentation techniques in different weeks, with 
the order of techniques randomized, as detailed in Figure 
1. 

A total of 42 third-year undergraduate students were 
enrolled in the study and were randomly assigned to two 
sequences (RI–HI or HI–RI) using a computer-assisted 
simple randomization method (Excel software) (RI: n = 21; 
HI: n = 21). During the study period, a total of five students 
withdrew from the study: three due to work-related 
reasons, one due to family-related reasons, and one for an 
unknown reason. Consequently, 37 students (mean age: 
21.57 ± 1.48 years; range: 20–27 years; 26 females [70.3%] 
and 11 males [29.7%]) participated in the first week of the 
study, including 19 in the rotary group and 18 in the HI 
group. During the second week, two additional students 
(1 RI, 1 HI) withdrew from the study due to illness (HI:18, 
RI: 17).  
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Figure 1. Flow diagram of the randomized crossover study design. 

 

Sample Selection 
Initially, RCFs were performed on a total of 216 teeth. 

However, during the radiographic evaluation phase, 16 
teeth were excluded from the study for various reasons, 
including canal merging, severe root curvature, root 
resorption, and similar conditions. The final analysis was 
therefore conducted on a total of 200 teeth, comprising 
100 teeth in the HI group and 100 teeth in the RI group. 
The unit of analysis was the tooth. 

The study was conducted under the supervision of 
three postgraduate students and one Assistant Professor 
(M.A.). 

Teeth with severe root curvature, complex canal 
configurations, external or internal root resorption, or 
incomplete root formation were excluded from the study. 
In addition, teeth in which a #20 K-file could easily pass 
beyond the apical foramen in canals with a major apical 
foramen (MAF) size of 30, or a #30 K-file could easily pass 
beyond the apical foramen in canals with an MAF size of 
40, were excluded. Teeth in which RCFs were performed 
by individuals other than third-year undergraduate dental 
students were also excluded from the analysis. 

Root Canal Preparation and Filling Protocol 
In this study, each student performed one HI and one 

RI procedure for each tooth type, including canine, 
maxillary first premolar, and mandibular first molar, 
resulting in a total of six teeth per student. All teeth were 
embedded in acrylic resin prior to the procedures. 
Following access cavity preparation, working length was 
determined by placing a K- or H-type hand file (EndoArt, 
Inci Dental, Türkiye) into the canal and obtaining an 
intermediate digital periapical radiograph using a Hy-Scan 
phosphor plate scanner (MyRay, Imola, Italy). 

Hand Instrumentation Technique (n = 100) 
Root canal instrumentation was performed manually 

using stainless steel K- or H-type hand files (EndoArt; Inci 
Dental, Turkey) with the step-back technique. The master 
apical file (MAF) size was set at #30 for canine teeth, #30 

for all roots of maxillary first premolars, #30 for the mesial 
canals of mandibular molars, and #40 for the distal canals 
of mandibular molars. 

Rotary Instrumentation Technique (n = 100) 
Prior to instrumentation, third-year undergraduate 

students received comprehensive training on the use of Ni–Ti 
rotary instruments operated with the Woodpecker Endo PACE 
endomotor (Guilin Woodpecker Medical Instrument Co., Ltd., 
Guilin, China), consisting of approximately 2 hours of 
theoretical instruction and 3 hours of practical training. A glide 
path was initially established using a stainless steel K-file #15 
or #20. Subsequently, endomotor-driven Ni–Ti rotary files 
(sizes 15, 20, 25, 30, 35, and 40; constant 0.04 taper, 25 mm 
length EndoArt Smart Gold, Inci Dental, Turkey) were used to 
prepare all canals to full working length in accordance with the 
predefined MAF protocol, operated at 300 Rpm and 2 Ncm 
torque according to the manufacturer’s recommendations. 

During instrumentation, the canals were irrigated with 2 
mL of 2.5% sodium hypochlorite between each file using 5-mL 
plastic syringes and irrigation needles. The solution was 
prepared by diluting a 5% NaOCl household bleach (ACE; 
Procter & Gamble, Turkey) with distilled water (1:1) to obtain 
the final concentration. Therefore, cumulative irrigation 
volume could vary according to the number of instruments 
used in each technique. This was considered when interpreting 
preparation-time comparisons. Following completion of 
instrumentation, the root canals were dried using paper points 
(EndoArt; Inci Dental, Turkey). Obturation was performed 
using the cold lateral condensation technique with gutta-
percha cones (EndoArt; Inci Dental, Turkey), an epoxy resin–
based root canal sealer (SealArt Root Canal Sealer; Endo-
Dentac, Oncü Dental, Turkey), and a finger spreader (MANI 
INC; Takenzawa, Japan). The master cone was fitted to the 
working length and the sealer was applied to the canal walls by 
coating the master cone. Accessory cones were inserted using 
the spreader until adequate canal filling was achieved. Excess 
gutta-percha was removed using a heated instrument. Gutta-
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percha cones with a 0.02 taper were used in the HI group, 
whereas 0.04-taper gutta-percha cones were used in the RI 
group. 

Preparation time was defined as the duration from the first 
insertion of a #10 K-file into the canal after working length 
determination until completion of canal preparation and 
removal of the final instrument. Obturation time was defined 
as the duration from placement of the master cone at the 
working length to the removal of excess gutta-percha 
following condensation. Time measurements were recorded 
in minutes and seconds using mobile phone stopwatches 
covered with protective plastic wrap. Each student recorded 
the preparation and obturation times for each tooth according 
to the instrumentation technique on a standardized data sheet 
immediately after completing the procedure. 

Digital periapical radiographs were obtained using a 
phosphor plate system (Hy-Scan; MyRay, Imola, Italy) under 
standardized exposure parameters (70 kVp, 4 mA, exposure 
time: 0.220 s) and transferred to a computer for evaluation. 
During radiographic acquisition, a fifth-year dental student 
assisted in maintaining standardized positioning of the teeth 
and the phosphor plates, ensuring consistent mesiodistal 
angulation and exposure parameters. 

RCF length, density, and taper were evaluated in 
accordance with previous studies (Table 1).11 Each parameter 
was independently scored as 0 (unacceptable) or 1 
(acceptable) by two experienced endodontists (M.A. and D.E.) 
based on the quality criteria of the European Society of 
Endodontology (ESE). In cases of disagreement between the 
evaluators, a consensus decision was reached through joint 
assessment. Any failure in one of the evaluated parameters 
resulted in the classification of the RCF as unacceptable; for 

multirooted teeth, failure in any canal led to the classification 
of the entire tooth as unacceptable.  

Statistical Analysis 
An a priori power analysis was performed using G*Power 

software (version 3.1.9.7; Heinrich Heine University 
Düsseldorf, Germany) for the McNemar test (two-sided), 
based on an expected odds ratio of 2.0, a type I error rate of 
0.05, statistical power of 80% (1−β = 0.80), and a total 
discordant proportion (p10 + p01) of 0.30, according to 
previous preclinical data. Based on the planned study design 
(40 students × 6 teeth), a total of 240 teeth (120 HI, 120 RI) 
were targeted. However, due to participant withdrawals and 
predefined radiographic exclusion criteria, 216 teeth were 
initially treated, and 200 teeth (100 HI, 100 RI) were ultimately 
included in the final analysis. 

Statistical analyses were performed using SPSS software 
(IBM SPSS Statistics, Version 23.0; IBM Corp., Armonk, NY, 
USA). Categorical variables were expressed as frequencies and 
percentages. Descriptive comparisons between groups were 
performed using chi-square or Fisher’s exact tests. Because 
each student treated multiple teeth, clustering of observations 
within students was accounted for using generalized 
estimating equations (GEE), with student specified as the 
clustering variable and instrumentation technique, tooth type, 
and their interaction included as independent variables. 
Results were reported as odds ratios (ORs) with 95% 
confidence intervals (CIs). Preparation and obturation times 
were analysed using linear mixed models including student ID 
as a random effect and instrumentation technique and tooth 
type as fixed effects. Interobserver agreement between the 
two evaluators was assessed using Cohen’s kappa statistic (κ = 
0.61). A p-value < 0.05 was considered statistically significant. 

 
Table 1. Technical quality assessment criteria for root canal fillings used in the present study 

Parameters Criteria Definition Score 

Length of root 
canal 

Acceptable The apical end of the root canal filling ends 0-2 mm from the radiographic 
apex. 

1 

Long Root canal filling beyond the radiographic apex 0 
Short Root canal filling ending > 2mm short of the radiographic apex 0 

Density of filling  Acceptable There are no voids present between the root canal filling and the walls. 1 
Unacceptable There are voids between the root canal filling and the walls. 0 

Taper of filling Acceptable Consistent and uniform taper from the root canal orifice to the apex 1 
Unacceptable Non-consistent taper 0 

Results 

A total of 200 teeth were analysed, including 72 canines 
(36 hand file [HI], 36 rotary file [RI]), 62 maxillary first 
premolars (32 HI, 30 RI), and 66 mandibular molars (32 HI, 
34 RI). There was no statistically significant difference in the 
distribution of tooth types between the HI and RI groups (p 
> 0.05) (Table 2).  

Overall, 76 teeth (38.0%) were classified as acceptable 
(Figure 2). The rotary technique demonstrated a 
significantly higher proportion of acceptable RCFs 
compared with HI (45 teeth, 45.0% vs. 31 teeth, 31.0%) (p = 
0.004) (Table 3). With respect to individual technical 
parameters, acceptable root canal length (86.0% vs. 68.0%) 
(p = 0.002) and adequate taper (63.0% vs. 34.0%) (p < 0.001) 

were observed significantly more frequently in the RI group 
than in the HI group. In contrast, the density of RCFs did not 
differ significantly between the two instrumentation 
techniques (49.0% vs. 35.0%; p = 0.095) (Table 4).  

Subgroup analyses according to tooth type revealed 
distinct patterns. For canine teeth, no significant difference 
in overall technical quality was observed between HI and RI 
(69.4% vs. 50.0%; p > 0.05). Likewise, premolar teeth 
showed comparable outcomes between groups (21.9% vs. 
13.3%; p > 0.05). However, in mandibular molar teeth, the 
proportion of acceptable RCFs was significantly higher in 
the RI group compared with the HI group (47.1% vs. 18.8%; 
p < 0.05) (Table 5). When the instrumentation technique 
was disregarded, overall treatment success differed 
significantly among tooth types (p < 0.05). Canine teeth 
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showed the highest rate of acceptable RCFs (59.7%), 
whereas maxillary first premolars exhibited the lowest 
success rate (17.7%), followed by mandibular molars 
(33.3%).  

After adjustment for clustering, instrumentation 
technique remained a significant predictor of acceptable 
RCF quality, with RI significantly increasing the likelihood of 
achieving acceptable fillings compared with HI (OR = 4.03, 
95% CI: 1.54–10.53, p = 0.004). Tooth type was also 
significantly associated with treatment quality (p = 0.028), 
and a significant interaction between instrumentation 
technique and tooth type was observed (p = 0.004). Further 
GEE analyses showed that instrumentation technique 
significantly affected length adequacy (p = 0.002) and taper 
quality (p < 0.001), whereas its effect on filling density (p = 
0.095) and iatrogenic errors (p = 0.159) was not statistically 
significant. 

Iatrogenic errors were observed in 29 of 200 treated 
teeth (14.5%). The most frequent iatrogenic error was 
instrument fracture (17 cases, 8.5%), followed by missed 
canals (5 cases, 2.5%). Perforation and ledge formation 
were each detected in 3 teeth (1.5%), while apical 
transportation was observed in 1 tooth (0.5%).  

No statistically significant differences were observed 
between the HI (16 cases) and RI (13 cases) techniques for 
any of the evaluated procedural errors, including 
instrument fracture (HI: 8 cases; RI: 9 cases), missed canals 

(HI: 2 cases; RI: 3 cases), perforation (HI: 3 cases; RI: 0 
cases), ledge formation (HI: 2 cases; RI: 1 case), and apical 
transportation (HI: 1 case; RI: 0 cases) (all p > 0.05). 

An association between tooth type and iatrogenic 
errors reached statistical significance (p < 0.05). Iatrogenic 
errors were least frequent in canine teeth (2.8%) and 
occurred more commonly in maxillary first premolars 
(21.0%) and mandibular molars (21.2%). Among the 
evaluated procedural errors, significant differences 
between tooth types were observed for instrument 
fracture and missed canals, whereas no significant 
differences were detected for the other iatrogenic errors. 
Instrument fracture occurred significantly more 
frequently in maxillary first premolar and mandibular 
molar teeth compared with canines (p < 0.05). In addition, 
missed canals were observed at a significantly higher rate 
in molar teeth than in premolar and canine teeth (Table 
6). 

Procedural times were analysed using linear mixed 
models including student ID as a random effect. RI 
required significantly shorter preparation and obturation 
times than HI (p < 0.001) (Figures 3 and 4). Tooth type also 
significantly influenced both preparation and obturation 
times (p < 0.001). A significant interaction between 
instrumentation technique and tooth type was observed 
for preparation time (p = 0.001), whereas this interaction 
was not significant for obturation time (p = 0.137). 

 
Table 2. Distribution of teeth according to tooth type and instrumentation technique  

Tooth type 
Number of teeth 

n (%) 

Type of Instrumentation 
Chi-square p 

HI n (%) RI n (%) 

Canine 72 (36.0) 36 (50.0) 36 (50.0) 0.125 0.939 
Maxillary first premolar 62 (31.0) 32 (51.6) 30 (48.4) 

Mandibular molar 66 (33.0) 32 (48.5) 34 (51.5) 
Note: Chi-square test. 
*Significant at <0.05. 
 

 

Figure 2. Representative root canal filling samples. (A) An adequate root canal filling in terms of length, density, and 
taper. (B) Examples of inadequate samples based on individual criteria: (B1) inadequate density; (B2) inadequate 

length, density, and taper; (B3) inadequate density. 
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Table 3. Comparison of overall root canal filling quality between hand and rotary instrumentation techniques 

  Number of teeth 
Type of Instrumentation 

p 
HI n (%) RI n (%) 

Quality Adequate 76 (38.0) 31 (31.0) 45 (45.0) 0.004* 

Inadequate  124 (62.0) 69 (69.0) 55 (55.0) 
Note: Cluster-adjusted analysis using generalized estimating equations (GEE) 
*Significant at <0.05. 

 
Table 4. Comparison of root canal filling quality parameters (length, density, and taper) between hand and rotary 
instrumentation techniques 

  Number of teeth n (%) 
Type of Instrumentation 

p 
HI n (%) RI n (%) 

Length of root canal Adequate 154 (77.0) 68 (68.0) 86 (86.0) 0.002* 

Inadequate 46 (23.0) 32 (32.0) 14 (14.0) 
Density of filling Adequate 84 (42.0) 35 (35.0) 49 (49.0) 0.095 

Inadequate 116 (58.0) 65 (65.0) 51 (51.0) 
Taper of filling Adequate 97 (48.5) 34 (34.0) 63 (63.0) <0.001* 

Inadequate 103 (51.5) 66 (66.0) 37 (37.0) 
Note: P values were obtained from cluster-adjusted analyses using generalized estimating equations (GEE). 
*Significant at <0.05. 

 
Table 5. Distribution of overall RCF technical acceptability according to instrumentation technique stratified by tooth 
type 

Tooth type Instrumentation Acceptable (n) Unacceptable (n) Chi-square p 

Canine Hand File 18 (50.0) 18 (50.0) 2.829 0.093 
Rotary File 25 (69.4) 11 (30.6) 

Upper first premolar 
 

Hand File 7 (21.9) 25 (78.1) 0.774 0.379 
Rotary File 4 (13.3) 26 (86.7) 

Mandibular molar Hand File 6 (18.8) 26 (81.3) 5.945 0.015* 
Rotary File 16 (47.1) 18 (52.9) 

Note: Values are presented as crude n (%) within each tooth type. P values were obtained from unadjusted chi-square tests comparing hand and rotary 
instrumentation within tooth type and are exploratory/descriptive only. Primary inference is based on the clustering-adjusted GEE model (including 
instrumentation, tooth type, and their interaction). 
*Significant at <0.05 
 

Table 6. Distribution of iatrogenic errors according to tooth type 

Iatrogenic errors Canine (n = 72) Premolar (n = 62) Molar (n = 66) Total (n = 200) p 

Instrument fracture 1 (1.4) 9 (14.5) 7 (10.6) 17 (8.5) 0.019* 
Missed canals 0 (0.0) 0 (0.0) 5 (7.6) 5 (2.5) 0.005* 
Perforation 0 (0.0) 1 (1.6) 2 (3.0) 3 (1.5) 0.342 
Ledge formation 1 (1.4) 2 (3.2) 0 (0.0) 3 (1.5) 0.323 
Apical transportation 0 (0.0) 1 (1.6) 0 (0.0) 1 (0.5) 0.327 

Note: Values are presented as crude n (%). P values were obtained from unadjusted chi-square/Fisher’s exact tests across tooth types and are 
exploratory only. Because these analyses do not account for within-student clustering (and some cells are sparse), primary inference for iatrogenic 
errors is based on the clustering-adjusted GEE model. 
*Significant at <0.05 
 

Discussion 

The null hypothesis was rejected. Significant 
differences were observed between HI and RI in overall 
RCF quality and in preparation/obturation times; 
however, iatrogenic error rates did not differ significantly 
between techniques. The present randomized crossover 
study evaluated the effect of instrumentation technique 
and tooth type on the technical quality and procedural 
time of RCFs performed by preclinical dental students. In 
contrast to many previous retrospective studies,11,12 the 
randomized design allowed a standardized comparison 
between HI and RI across different tooth types. 

The overall technical quality of RCFs assessed 
according to ESE criteria was relatively low (38%). RI 

achieved significantly higher-quality RCFs compared with 
HI (45% vs. 31%). This rate is comparable to that reported 
by Román-Richon et al.13 (44%). In contrast, higher 
acceptable rates have been reported by Khabbaz et al.8 
(55%), Madfa et al.12 (67%), Eleftheriadis et al.14 (55.3%), 
and Fong et al.15 (68%), whereas lower rates were 
reported by Elsayed et al.4 (27%) and Rafeek et al.5 
(10.1%). Differences among studies may be attributed to 
methodological variations, including differences in 
student academic level, instrumentation techniques used, 
educational protocols, and study design. For example, the 
higher success rate reported by Fong et al.15 may be 
related to the evaluation of root canal treatments 
performed by fourth- and fifth-year students, who are 
more experienced than third-year students. 
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Figure 3. Boxplot distribution of preparation time (min) according to instrumentation technique (hand file and rotary 
file) stratified by tooth type (canine, premolar, and molar). 

 

 

Figure 4. Boxplot distribution of obturation time (min) according to instrumentation technique (hand file and rotary 
file), stratified by tooth type (canine, premolar, and molar). 

When evaluated according to instrumentation 
technique, RI demonstrated significantly higher overall 
technical quality than HI (Table 3), consistent with the 
findings of Román-Richon et al.13 However, when analyzed 
by tooth type, RI showed a significantly higher overall 
technical quality only in mandibular molar teeth (47.1% 
vs. 18.8%), whereas no significant differences were 
observed in maxillary first premolar (13.3% vs. 21.9%) or 
canine teeth (69.4% vs. 50.0%). In the study by Román-
Richon et al., acceptable rates were reported as 69% and 
59% for single-rooted teeth, 51% and 24% for two-rooted 
teeth, and 46% and 14% for three-rooted teeth; unlike the 
present study, RI was found to provide significantly higher 
overall technical quality than HI across all tooth types. 
Nevertheless, in agreement with our findings, RI was 
reported to improve technical quality, particularly in 
molar teeth. The significant superiority of RI observed in 

molar teeth may be attributed to their inherently more 
complex root canal anatomy (e.g., multiple canals and 
anatomical irregularities), where achieving controlled 
shaping with hand files can be more challenging, making 
the advantages of rotary systems more evident.16 

One of the important success parameters influencing 
the long-term prognosis of root canal treatment is the 
accurate determination of the working length.17 It has 
been reported that preparations terminated more than 0–
2 mm short of the apex may limit bacterial elimination, 
whereas overextended preparations may negatively 
affect healing due to the extrusion of microorganisms and 
debris into the periapical tissues.16,18 According to the 
results of the present study, an acceptable working length 
was achieved in 77% of the 200 teeth. Fong et al.15 
reported a similar acceptable working length rate (72.2%), 
whereas Al-Anesi et al.19 reported a lower acceptable 
length rate (53.4%), and Madfa et al.12 reported a higher 
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acceptable length rate (88.1%). In clinical practice, the 
combined use of radiographs and electronic apex locators 
is recommended for working length determination.15 The 
absence of an electronic apex locator in the present study 
may have contributed to variability in the working length 
parameter. RI (86%) achieved a significantly higher rate of 
acceptable working length compared with HI (68%). 
Similar findings were reported by Sonntag et al.,20  who 
demonstrated that correct preparation length was 
achieved significantly more often with RI (79.8%) than 
with HI (43.8%). The higher rate of acceptable working 
length achieved with rotary systems may be attributed to 
improved canal centering ability and more controlled 
apical advancement compared with HI.16 

Adequate filling density was achieved in 42% of cases, 
representing the lowest-performing technical parameter 
and falling within the lower-to-moderate range of density 
outcomes reported in undergraduate student studies 
(e.g., 13.1%–90.8%).15,19 This finding may be partly 
attributed to the limited experience of third-year 
undergraduate students with the lateral condensation 
technique. Enhanced preclinical training and supervised 
clinical practice may help improve filling density outcomes 
in undergraduate endodontic education. The filling 
density obtained with RI (49%) was comparable to that 
achieved with HI (35%). However, previous studies, 
including that of Jungnickel et al.21, have reported higher 
filling density associated with RI.13,21 This discrepancy may 
be attributed to methodological differences, such as the 
obturation technique used, operator experience, and 
evaluation criteria. Notably, in the study by Jungnickel et 
al.21, root canal treatments were performed by fourth-
year undergraduate students. These findings suggest that 
obturation density may be more strongly influenced by 
obturation technique and operator-related factors than 
by the instrumentation method alone. 

Taper is a key technical parameter influencing the 
quality of RCFs. The European Society of Endodontology 
(ESE) emphasizes that ideal root canal preparation should 
present a consistent taper from the apical to the coronal 
region.3 Adequate taper was observed in 48.5% of the 
RCFs performed by students. Previous studies evaluating 
undergraduate performance have reported a wide range 
of taper adequacy, varying from 14.2% to 97.6%, 
reflecting differences in student experience, 
instrumentation techniques, and evaluation criteria.15,19 
Consistent with previous studies,21,22 RI (63%) 
demonstrated a significantly higher rate of adequate 
taper than HI (34%). The ability of Ni-Ti rotary systems to 
better preserve the original canal geometry and produce 
more uniform shaping profiles compared with manual 
instruments may explain the improvement in taper quality 
observed with RI use. Additionally, the use of higher-taper 
(0.04) gutta-percha cones in the RI group (vs 0.02 in the HI 
group) may have contributed to the higher rate of 
acceptable taper. Therefore, this methodological 
difference should be considered when interpreting taper 
outcomes in the present study. 

Iatrogenic errors were observed in 14.5% of the RCFs; 
however, similar rates were observed between RI (6.5%) 
and HI (8.0%). Instrument fracture was the most 
frequently observed iatrogenic error, with comparable 
distributions of specific error types (including missed 
canals, perforation, ledge formation, apical 
transportation, and instrument fracture) between RI and 
HI. In contrast to our findings, Abu-Tahun et al.23 reported 
a significantly higher incidence of iatrogenic errors 
associated with HI compared with RI. At the same time, 
Ayhan et al.11 demonstrated that apical transportation 
occurred more frequently in canals prepared using HI. 
These discrepancies may be attributed to differences in 
study design, case selection, canal anatomy, and the 
extent of preclinical training provided for rotary systems.  

Instrument fracture is a multifactorial event and may 
be influenced by both operator-related factors (e.g., 
experience, apical pressure) and instrument-related 
factors (e.g., alloy/metallurgy, heat treatment), all of 
which collectively affect torsional and cyclic fatigue 
behavior.24,25 The observed fracture rate (8.5%) (with 
similar crude rates observed in the HI (8.0%) and RI (9.0%) 
groups) appears to be within the range reported in 
undergraduate endodontic studies;26,27 however, direct 
comparisons are limited by differences in file systems, 
training level, and case complexity. Although the rotary 
system used (EndoArt Smart Gold) is reported by the 
manufacturer to undergo heat treatment designed to 
enhance flexibility and fracture resistance 
(https://tinyurl.com/3kssh54n), these properties were 
not independently tested in the present study. Therefore, 
the fracture findings should be interpreted with caution 
and should not be generalized to all Ni-Ti systems. On the 
other hand, although third-year students received Ni-Ti 
rotary training, their limited experience in using these 
instruments may have contributed to the relatively higher 
rate of instrument fracture observed.  

The incidence of iatrogenic errors observed in 
mandibular molars (21.2%) and maxillary first premolar 
teeth (21.0%) was significantly higher than that in canine 
teeth (2.8%), which is consistent with the findings of Hendi 
et al.28 and Khabbaz et al.8 both of whom reported a 
higher frequency of procedural errors in posterior teeth. 
Instrument fracture was more prevalent in premolar and 
molar teeth, while missed canals were observed 
exclusively in mandibular molars. In contrast, the 
incidence of perforation, ledge formation, and apical 
transportation did not vary across tooth types. These 
findings suggest that anatomical and morphological 
factors inherent to specific tooth types may exert a 
stronger influence on iatrogenic error occurrence than the 
instrumentation technique itself. 

RI enabled significantly shorter root canal preparation 
and obturation times compared with HI (Figures 3 and 4). 
In agreement with our findings, Sonntag et al.,20 
Jungnickel et al.,21 and Vaudt et al.29 also reported that 
rotary systems allow root canal preparation to be 
completed in a significantly shorter time than HI. Notably, 
although RI reduced working time, the absolute time gain 
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was smaller in canines and more pronounced in premolars 
and molars, which may be attributed to the greater 
procedural workload in posterior teeth (e.g., multiple 
canals and more complex canal trajectories), where the 
efficiency of engine-driven shaping accumulates across 
canals and becomes more apparent.  

These findings have important clinical implications for 
preclinical endodontic education. Compared with HI, RI 
increased overall technical acceptability from 31.0% to 
45.0% (absolute difference, +14.0%), with a more 
pronounced improvement in mandibular molars (18.8% vs 
47.1%; absolute difference, +28.3%). RI also improved key 
technical parameters, including acceptable working 
length (86.0% vs 68.0%; +18.0%) and taper (63.0% vs 
34.0%; +29.0%), whereas filling density did not differ 
significantly between techniques (49.0% vs 35.0%; 
p=0.095). Additionally, after accounting for clustering of 
multiple teeth treated by the same student, RI increased 
the likelihood of achieving acceptable RCFs by 
approximately fourfold compared with HI (OR = 4.03). 
These findings suggest that early exposure to engine-
driven Ni-Ti systems may enhance students’ ability to 
achieve improved, accurate length control and greater 
consistent canal shaping, particularly in anatomically 
complex posterior teeth. Clinically, improved working 
length control may reduce the risk of apical irritation and 
overfilling,17  while better taper may support more 
effective irrigation and a more predictable obturation 
profile.16 However, the relatively low filling density 
observed in both groups remains a quality concern and 
may be more closely related to obturation technique and 
operator experience than to instrumentation alone. 
Therefore, structured simulation, standardized feedback, 
and supervised training focused on obturation should be 
strengthened. RI also significantly reduced preparation 
and obturation times, which may improve workflow 
efficiency in novice clinicians.30 Overall, RI appears to 
provide not only statistically significant but also clinically 
meaningful educational and technical advantages, 
although prospective patient-based studies are still 
needed to confirm long-term clinical impact.  

An important methodological strength of the present 
study is the randomized crossover design, in which each 
student performed both instrumentation techniques. This 
approach reduces inter-operator variability and enables a 
more controlled comparison of the technical outcomes 
associated with different instrumentation systems. 

This study has several limitations that should be 
acknowledged. First, the evaluation was limited to third-
year undergraduate dental students, which may restrict 
the generalizability of the findings to students at different 
educational levels or to clinical settings. Second, extracted 
human teeth were inherently non-standardized, and 
inter-tooth anatomical variability may have influenced 
treatment difficulty and outcomes. Third, although a 
randomized crossover design was used to reduce inter-
operator variability, differences in students’ baseline 
abilities and learning curves may still have affected 
technical performance. Fourth, only one Ni-Ti rotary 

system was used; therefore, the results cannot be 
extrapolated to all available RI systems. Fifth, the 
assessment of RCF quality was based solely on two-
dimensional periapical radiographs, which may 
underestimate certain procedural errors or obturation 
deficiencies compared with three-dimensional imaging 
modalities such as cone-beam computed tomography 
(CBCT). Sixth, procedural times were self-recorded by 
student operators rather than independently measured 
by a separate observer; despite predefined start/end 
criteria and immediate recording on standardized forms, 
some measurement bias cannot be excluded. Seventh, 
because irrigation was delivered per file change, 
differences in cumulative irrigant volume between 
techniques may have partly influenced preparation time. 
Finally, the present study used different gutta-percha 
tapers during obturation (0.02 in the HI group and 0.04 in 
the RI group), which may have influenced the radiographic 
assessment of taper and partially contributed to the 
observed differences between groups. 

Future studies should build on the present randomized 
crossover framework by adopting a multi-arm design (e.g., 
hand files, rotary Ni-Ti, reciprocating, and adaptive 
systems including heat-treated and non-heat-treated 
files) with balanced crossover allocation and standardized 
tooth matching to allow robust head-to-head 
comparisons across instrumentation systems. In addition, 
studies should include students from different academic 
years and incorporate electronic apex locators, different 
obturation techniques, and CBCT to provide a more 
comprehensive assessment of technical quality and 
procedural errors that may be underestimated on two-
dimensional radiographs. Finally, larger and more diverse, 
preferably multicenter, student cohorts are needed to 
better clarify the educational and clinical implications of 
contemporary endodontic instrumentation techniques. 

Conclusions 

In this randomized crossover study, the technical 
quality and procedural time of RCFs performed by 
undergraduate students using HI and RI were evaluated. 
RI improved the technical quality of RCFs and significantly 
reduced preparation and obturation times, with the most 
pronounced effect observed in mandibular molar teeth. 
These findings suggest that, under appropriate training 
and supervision, Ni-Ti rotary systems may have a 
beneficial role in undergraduate endodontic education. 
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