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Aim: To compare orthodontic preclinical skills of same dental students that were trained using the same 

learning method in similar skills at an interval of one year 

Material and Methods: The retrospective study evaluated the archived wire-bending and wax models that 
had been submitted by the same undergraduates who were fourth-year undergraduates (T0) in 2019-2020 

and were promoted to the fifth year in 2020-2021 (T1). Orthodontic performances were taught to a total of 

45 dental students (21 males and 24 females) using the live demonstration method prior to their internship 
in both academic years. Labial arch, Adams clasp, eyelet clasp bending and base plate wax modeling skills 

at the end of internship were compared between the two periods and between the two genders.  

Results: A significant difference was found between the two genders with regard to T0 labial wire-bending 
(male: 9.90 ± 1.70, female: 10.66 ± 2.05) and T0 total skill score (male: 27.76 ± 2.94, female: 30.45 ± 3.00) 

(p<0.01). In female students, a significant increase was observed in the Adams clasp bending scores at T1 

(11.33±1.27) compared to T0 (11.08±1.34), while in male students, a significant increase was detected in 
the eyelet clasp bending scores between T1 (3.28±0.56) and T0 (2.71±1.10) (p<0.05). However, no 

significant change was observed between T0 and T1 with regard to all parameters in the entire population 

(p>0.05). 
Conclusion: The difference between the initial scores of both genders disappeared in the long term and 

there was no significant change in total skill scores between the two academic years. 

Diş Hekimliği Öğrencilerine Canlı Demonstrasyon ile Öğretilen Ortodontik Preklinik 

Performanslarının Uzun Vadeli Karşılaştırması 
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Amaç: Bir yıl arayla benzer becerilerde aynı öğrenme yöntemi kullanılarak eğitilen aynı diş hekimliği 

öğrencilerinin ortodontik preklinik becerilerini karşılaştırmak 
Gereç ve Yöntemler: Bu retrospektif çalışmanın verileri, Diş Hekimliği Fakültesi öğrencilerinin ortodonti 

staj dönemlerinde yaptıkları büküm ve modelasyondan oluşmaktadır. Geleneksel canlı demonstrasyon 

yöntemiyle 21 erkek ve 24 kadından oluşan toplam 45 (ortalama yaş: 22,4 ± 1,8) dental öğrenciye 4. (T0) 
ve 5. (T1) sınıflarında stajları öncesinde ortodontik büküm ve mum modelaj canlı demonstrasyonla 

öğretilmiştir. Bir yıl arayla 20 günlük staj sonunda teslim edilen vestibul ark, adams ve eyelet kroşeleri ile 

mum modelasyondaki beceriler cinsiyetler ve yıllar arasında karşılaştırılmıştır.  
Bulgular: T0 da vestibul ark (erkek: 9,90 ± 1,70, kadın: 10,66 ± 2,05) ve total beceri skorlarında (erkek: 

27,76 ± 2,94, kadın: 30,45 ± 3,00) cinsiyetler arasında anlamlı bir fark (p <0,01) mevcutken, diğer 

parametrelerde anlamlı bir fark (p >0,05) bulunamamıştır. T0 ve T1 arasında, kadınlarda adams kroşe 
büküm skorunda anlamlı bir artış (T0: 11,08±1,34, T1: 11,33±1,27) (p <0,05) gözlenirken, erkeklerde 

damla kroşe büküm skorunda (T0: 2,71±1,10, T1: 3,28±0,56) anlamlı bir artış (p <0,05) mevcuttur. Totalde 

ise kroşeler ve modelasyon skorları hiçbir parametrede anlamlı bir fark göstermemiştir (p >0,05).  

Sonuç: Dental öğrencilerin beceri skorlarında, cinsiyet grupları arasındaki fark uzun dönemde ortadan 

kalkarken, totalde iki yıl arasında beceri skorları arasında anlamlı bir değişim olmamıştır.  
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INTRODUCTION 

Acquisition of psychomotor skills is a 

key to clinical success in many branches of 

medicine and dentistry.1 Most procedures in 

dental practice require psychomotor skills with 

cognitive planning as well as hand-eye 

coordination.2 Therefore, many dentistry 

schools use the conventional live demonstration 

method to develop the psychomotor skills of 

undergraduate students.3, 4 Live demonstration 

can increase students’ confidence and improve 

their communication skills and also provides a 

better understanding of the procedure compared 

to didactic teaching.5  

In previous studies, orthodontic 

preclinical laboratory performances of dental 

students have been evaluated based on their 

wire-bending skills. In those studies, 

conventional live demonstration has been 

compared with other methods that have been 

developed to overcome the difficulties of this 

method, including video demonstration,6 video-

live demonstration,7 and flipped classroom.8 

The results of these studies showed that all of 

these methods were equally effective as 

conventional live demonstration. Additionally, 

Corpus and Eisbach9 demonstrated that the 

conventional the live demonstration method had 

self-reported cognitive and motivational 

benefits in child development in the long-term 

follow-up.  

Removable orthodontic appliances have 

three main components including acrylic base 

plate, clasps, and active elements.10 Of these, 

clasps are obtained via wire-bending and are 

used to increase the retention of the appliance.10 

Many dentistry school curricula in 

undergraduate orthodontic education include 

preclinical wire-bending to improve students’ 

manual dexterity. In ## dental school, the 

orthodontic curriculum focuses on the practical 

training of various orthodontic wire-bending 

skills in preclinical training in addition to 

didactic and clinical observational training in 

both the fourth and fifth years of the five-year 

program. The wire-bending procedure involves 

numerous sequential steps, each of which 

requires careful monitoring.10 

Nowadays, due to the increase in the 

number of students in the classes, each student 

may not have the opportunity to observe the 

wire-bendings equally. However, this study 

aims to show that this disadvantage can be 

eliminated by live demonstration. To our 

knowledge, there is no study evaluating the 

long-term results of orthodontic preclinical 

laboratory skills taught with the use of the live 

demonstration method. The aim of the present 

study was to compare the performances of 

fourth- and fifth-year dental students that were 

trained using the same learning method in 

similar skills. Our null hypothesis was that the 

live demonstration method will improve the 

orthodontic laboratory skill scores of 

undergraduate dental students in the long term. 

MATERIAL AND METHODS 

The retrospective study evaluated the 

orthodontic bends made by the fourth graders 

were scored and the scores obtained by the same 

students by making the same orthodontic bends 

in the fifth grade were compared during the 

academic year 2019-2020 and 2020-2021, 

respectively. The study was approved by 

Adıyaman University Non-Interventional 

Clinical Research Ethics Committee (Approval 

No 2021/07-10). The present study was 

conducted in accordance with the Principles of 

the Declaration of Helsinki. 

In the country where the study was 

conducted, the academic year covers the months 

between September and June and orthodontic 

internship is performed once for 20 working 

days in both fourth and fifth years of education. 

The orthodontics curriculum of our school 

requires a certain level of success (60 out of 100 

points) both in preclinical laboratory skills and 

in the oral exam conducted at the end of the 

internship in order for students to pass the class 

in the fourth and fifth years. Out of 50 students 

that began the fourth year in the academic year 

2019-2020, 45 of them were able to pass to the 

fifth year in the academic year 2020-2021 and 
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completed their orthodontics internship, all of 

whom were included in the study. Inclusion 

criteria of students were as follows: 

1. Having successfully completed the fourth 

year of education including orthodontics 

and other clinics and courses and having 

passed to the fifth year at the end of the 

academic year 2019-2020. 

2. Having successfully completed all the 

assignments including labial arch, 

Adams clasp, eyelet clasp bending and 

base plate wax modeling at the end of the 

orthodontic internship in the academic 

year 2019-2020 and 2020-2021. 

3. Having been instructed about every step 

of wire-bending and modeling 

procedures by the same instructor using 

the live demonstration method. 

4. Having practiced the wire-bending 

procedure in preclinical training for one 

hour on each internship day by using the 

same brand of pliers, wire, and wax on 

the same orthodontic model replicated 

during the 20-day orthodontics internship 

in the fourth- and fifth-year internships 

and having submitted the models to the 

same lecturer on the following day. 

5. Students who repeated the fourth year of 

education in 2019-2020 and those who 

were transferred from other universities 

in 2020-2021 were excluded from the 

study.  

Live demonstration technique 

During the academic year 2019-2021, 

when this study was conducted, our fourth- and 

fifth-year students were divided into 9 

internship groups (with 6 students each) 

according to the academic calendar. In the 

orthodontics internship, laboratory skills were 

taught using the live demonstration method 

during the preclinical training. In the same 

orthodontic preclinical training, each student 

was instructed on how to perform each step of 

clasp bending and base plate wax modeling by 

the same lecturer (MAY). In these sessions, 

students were allowed to ask their questions as 

needed. After the demonstration, which lasted 

for an average of 40 minutes, the clasp and wax 

models were left in the classroom for students 

to reference. Afterwards, for one hour of each 

internship day, students were allowed to 

practice using those clasp and wax models 

under the supervision of the same lecturer 

(YSA), during which they were allowed to ask 

questions as needed. On the following day, the 

resultant clasps and wax models were submitted 

by each student. At the end of the internship, all 

the students submitted their most successful 

clasp and wax models for final evaluation. 

Evaluation 

In order to standardize the scoring of 

students’ skill scores between two academic 

years and between two genders and to evaluate 

their comparability with the studies in the 

literature, similar articles 8, 11 were reviewed. 

The scoring process was conducted by another 

blinded and calibrated lecturer (NH). While 

Table 1 presents the evaluation criteria used for 

labial arches and eyelet clasps, Table 2 for 

Adams clasp bending and wax modeling skills. 

The rater (NH) performed the scoring on four 

performances using the criteria presented in 

Table 1 and 2 by assigning 1 point for each 

criterion. The total skill score was obtained by 

summing the scores obtained for labial arch, 

Adams clasp, and eyelet clasp bending and wax 

modeling. To confirm intra-rater reliability, the 

same investigator (NH) randomly re-evaluated 

20 models after 15 days. To confirm inter-rater 

reliability, a calibrated second investigator 

(ME) randomly re-evaluated 20 models. 

Statistical analysis 

Data were analyzed using SPSS for 

Windows version 25.0 (Armonk, NY: IBM 

Corp.). Normal distribution of data was 

assessed using Shapiro-Wilk test. All the scores 

excluding the eyelet clasp bending scores 

showed a normal distribution. Gender-based 

differences were compared using Independent-

Samples t-test and Mann-Whitney U test. 

Differences between two time points (fourth-
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year, T0;fifth-year, T1) were compared using 

Paired-Samples t-test and Wilcoxon signed rank 

test. A p value of <0.05 was considered 

significant. 

Table 1: Evaluation criteria for vestibular arch and 

eyelet clasp bending  

Evaluation criteria for vestibular arch and 

eyelet clasp bending 

Point 

1. The wire’s labial segment might be 

placed in the the incisors’ middle 1/3. 

1 

2. The wire’s mesial vertical segment 

might be started from the canine’s 

mesial 1/3. 

1/ R 

3. 1/ L 

4. 
Mesial vertical segment and the labial 

segment might be perpendicular (90°) 

to the each other. 

1/ R 

5. 1/ L 

6. Distal and mesial vertical segment 

might be parallel to the each other. 

1/ R 

7. 1/ L 

8. Vertical segment might be at a distance 

of 0.5-1.5 mm from the the alveolar 

mucosa’s buccal side. 

1/ R 

9. 1/ L 

10. 
The ring’s vertical margin the might be 

2-3 mm above the gingival margin. 

1/ R 

11. 1/ L 

12. The retention arm might follow the 

occlusal embrasure. 

1/ R 

13. 1/ L 

14. The retentive arm might contact to the 

tooth on the occlusal embrasure 

between the canine and first premolar. 

1/ R 

15. 1/ L 

16. 
There might be about 0.5 mm to 1 mm 

clearance when the retentive arm passes 

through the palatal tissue. 

1/ R 

17. 1/ L 

18. The tag might be facing towards the 

palate. 

1/ R 

19. 1/ L 

Evaluation criteria for eyelet clasp bending  

1. The tip of the eyelet clasp might engage 

the undercut. 

1 

2. There might be 45° between the eyelet 

clasp and the arm. 

1 

3. The retentive arm might follow the 

occlusal embrasure. 

1 

4. The retentive arm might contact to the 

tooth on the occlusal embrasure. 

1 

5. There might be about 0.5 mm to 1 mm 

clearance when the retentive arm passes 

through the palatal tissue. 

1 

 R: 1 point for right side, L: 1 point for left side 

 

 

 

 

Table 2: Evaluation criteria for Adams clasp 

bending and wax modeling 

 Evaluation criteria for Adams 

clasp bending 

Point 

1. The bridge might be straight.  1 

2. The bridge and the buccal plate 

might be parallel to the each other. 

1 

3. Bridge might not contact the first 

molar’s buccal surface. 

1 

4. The bridge’s height might be at 

halfway up to the molar’s buccal 

surface. 

1 

5. 
The arrowhead might be at 45°. 

1/ R 

6. 1/ L 

7. The arrowhead might engage the 

mesiobuccal undercut. 

1/ R 

8. 1/ L 

9. The arm might follow the occlusal 

embrasure. 

1/ R 

10. 1/ L 

11. The arm might contact the occlusal 

embrasure. 

1/ R 

12. 1/ L 

13. There might be about 0.5 mm to 1 

mm clearance when the mesial arm 

passes through the palatal tissue. 

1 

14. There might be about 0.5 to 1 mm 

clearance when the distal arm 

passes through the palatal tissue. 

1 

15. The mesial arm might be bent 

towards palate in a mesial 

direction. 

1 

16. The distal arm might be bent 

towards palate in a mesial 

direction. 

1 

17. The tag might be facing towards 

the palate. 

1/ R 

18. 1/ L 

 Evaluation criteria for wax 

modeling 

 

1. The thickness of the model might 

not exceed 2 mm. 

1 

2. The thickness might be equal 

throughout the model. 

1 

3. The model might end in the 

embrasures of anterior teeth. 

1 

4. Posteriorly, the model might end at 

a location 2 mm beyond the distal 

segment of the Adams clasp. 

1 

5. The model might end in the palatal 

embrasures of premolar and molar 

teeth. 

1/ R 

6. 1/ L 

7. The surface of the model might be 

smooth. 

1 

8. The model might completely cover 

the palatal parts of the clasp. 

1 

R: 1 point for right side, L: 1 point for left side 
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RESULTS 

Intra-rater correlation coefficients ranged 

between 0.869 and 0.980 and inter-rater 

correlation coefficients ranged between 0.841 

and 0.978. Table 3 presents a gender-based 

comparison of preclinical orthodontic 

performances during the two time points. In this 

comparison, a significant difference was found 

between the two genders only with regard to T0 

labial wire-bending (male: 9.90 ± 1.70, female: 

11.66 ± 2.05) and T0 total skill score (male: 

27.76 ± 2.94, female: 30.45 ± 3.00) (p<0.01). 

Other variables did not show a significant 

difference between the genders (p>0.05). 

 

Table 4 presents a comparison of 

preclinical orthodontic skill scores between the 

two time points and between the two genders. 

In female students, a significant increase was 

observed in the Adams clasp bending scores at 

T1 (11.33±1.27) compared to T0 (11.08±1.34), 

while no significant change was found with 

regard to other scores (p>0.05). In male 

students, a significant increase was detected in 

the eyelet clasp bending scores between T1 

(3.28±0.56) and T0 (2.71±1.10) (p<0.05), 

whereas no significant change was found with 

regard to other scores (p>0.05). On the other 

hand, no significant change was observed 

between T0 and T1 with regard to all parameters 

in the entire population (p>0.05). 

Table 4: Year-based comparison of scores 

T0: Fourth-year, T1: Fifth-year, SD: Standard deviation, **: P< 0.05 

DISCUSSION 

Preclinical training, which is an integral 

component of dentistry undergraduate 

education, plays a pivotal role in improving 

students’ manual dexterity. In this training, live 

demonstration is the most frequently used and 

researched method.7 In the present study, long-

term effects of this method and gender-based 

differences were investigated and our null 

hypothesis was partially accepted. 

In this study, the clasp bending and 

modeling scores (labial arch: 10.84±2.07, 

Adams clasp: 11.00±1.33) obtained by our 

fourth-year students who received live 

demonstration for the first time were higher 

than those reported by Sivarajan et al. 11 (labial 

arch: 9.26, Adams clasp: 4.58) and Lau et al. 8. 

Additionally, the number of students 

participating in the live demonstration in this 

study was remarkably lower, which might have 

allowed our students to observe the bending and 

modeling steps easier and at a closer distance to 

the instructor, and also the students had longer 

periods for practice when compared to those of 

other studies. Meaningfully, it has been shown 

that poor seating arrangement can affect 

students’ learning.12 Moreover, numerous 

studies have suggested that learning is 

maximized when students are seated near the 

instructor, albeit not always significantly.13-15 

The results indicated no significant 

change between T0 and T1 with regard to all 

parameters in the entire population (p>0.05). 

This finding could be attributed to the fact that 

the students submitted their most successful 

clasp and wax models for final evaluation at the 

end of the internship (~20 hours) and that they 

were required to obtain a minimum total score 

of 60 out of 100 to pass the class, which may 

have caused them to avoid exerting extra effort 

in the fifth year. 

Parameters 
Female Male Total 

T0 T1 P T0 T1 P T0 T1 P 

Vestibular 

arch  
11.66±2.05 10.75±2.60 0.155 9.90±1.70 9.71±2.41 0.857 10.84±2.07 10.26±2.54 0.178 

Adams  11.08±1.34 11.33±1.27 0.045* 10.90±1.33 10.90±1.64 0.502 11.00±1.33 11.13±1.45 0.596 

Eyelet  3.12±0.94 3.08±0.77 0.808 2.71±1.10 3.28±0.56 0.029* 2.93±1.03 3.17±0.68 0.150 

Wax 

modeling  
4.58±0.71 4.62±0.82 0.261 4.23±.76 4.38±1.07 0.051 4.42 ± 0.75 4.51±0.94 0.543 

Total skill 30.45±3.00 29.79±4.03 0.435 27.76±2.94 28.28±3.71 0.546 29.20±3.24 29.08±3.91 0.854 
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In the comparison of preclinical 

orthodontic skill scores between the two time 

points and between the two genders, the female 

students in the fourth-year had significant 

higher total skill and labial arch scores 

compared to male students. To our knowledge, 

there has been no study evaluating the skills of 

undergraduate dental students between the two 

genders. Some studies examined medical 

students and, contrary to our findings, reported 

that male students performed better in acquiring 

surgical skills, with the biggest differences 

detected in visuospatial abilities and speed.16-18 

In contrast, some other studies, in a similar way 

to the teaching technique used in this study, 

reported that female students acquired surgical 

skills significantly better when they were 

adequately trained with one-to-one feedback 

sessions.18-21 Labial arch bending is the 

procedure that requires the most skills and care 

compared to other bending procedures and also 

requires 19 criteria to be fulfilled.10 Literature 

indicates that adolescent girls have better 

writing skills than boys.22, 23 This difference 

may explain the significantly higher labial arch 

bending and total skill scores in our female 

students compared to male students. In addition, 

this difference, which emerged when students 

practiced orthodontic bending for the first time 

in the fourth year, might have been caused by 

the possible stress experienced by the students 

during their dentistry education, as emphasized 

in many studies in the literature.24-27 Some 

researchers also reported that female dental 

students experience significantly greater stress 

compared to male students.28-30 Nevertheless, 

the pressure induced by possible stress is likely 

to cause female students to work harder and 

achieve higher scores. In this study, no 

significant difference was found between the 

two genders with regard to total skill scores at 

T1 as well as the change that occurred in these 

scores between T0 and T1. This finding 

implicates that the difference between the two 

genders with regard to orthodontic preclinical 

laboratory skills disappears in the long term. 

This hypothesis could be supported by the 

disappearance of the pressure in the first 

preclinical experience in the fifth year of 

education. 

Comparison of orthodontic preclinical 

skill scores between the two time points 

indicated a significant increase in Adams clasp 

bending skills in female students compared to 

male students. The Adams clasp bending 

procedure ranks the second among the bending 

procedures that require the most skills, 

following labial arch bending. In this study, 

female students improved their Adams clasp 

bending scores in the long term (T1: 

11.33±1.27), which were already remarkably 

high in fourth year (T0: 11.08±1.34). This 

finding implicates that women can further 

improve complex skills in the long term when 

compared to men. Male students, on the other 

hand, showed a significant improvement in 

eyelet clasp bending skills. In these skills, 

which require relatively few criteria, male 

students approached the ideal at T1. 

This study was limited in several ways. 

First, due to its retrospective nature, the present 

study compared the long-term effects of live 

demonstration on a particular population at a 

given time period. Accordingly, the long-term 

effects of this method in other populations can 

be investigated by comparing it with other 

methods. In addition, the study focused on the 

preclinical laboratory skills of university 

students, which are an integral part of their 

education and are required for passing the class, 

and did not examine the effect of factors such as 

stress. Further prospective studies are needed to 

explore novel educational methods to be used in 

the pass/fail grading system with no grading. 

Conclusion 

The authors of this study found that by using the 

live demonstration method, the difference 

between the starting points of both genders 

disappeared over a long period of time. 
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