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Abstract 
 
Objectives: The long time interval between teaching anatomy courses to students and the 
courses on extraoral radiographs results in forgetting the location of radiographic anatomic 
landmarks without any retention; therefore, it is necessary to use other educational 
techniques due to short duration of educational courses. To this end, the present study was 
undertaken to evaluate the effect of a combination of lectures and computer techniques on 
teaching extraoral radiographs to undergraduate dental students. Methods: In the present 
interventional study, dental students entering the university in the same year (referred to as 
one class) were divided into two groups; one group received conventional teaching and one 
group received combinational teaching technique. Students entering the next year were taught 
using the same teaching techniques. The results were compared between groups and classes. 
Results: Comparison of the results of the first test between the two classes showed significant 
differences between the two groups (P<0.001). Comparison of the results of the second test 
between the two classes revealed no significant differences in the conventional method 
(P=0.76); however, the combination technique exhibited significant differences (P=0.006). In 
the first test, comparison of the two techniques in the students entering the university in 2006 
showed no significant differences (P=0.055); however, students entering the university in 2007 
exhibited significant differences (P=0.03). In the second test, comparison of the two techniques 
in both classes revealed significant differences (P<0.001).  
Conclusion: If more time is allocated to the combination technique, learning improves even in 
a short time. This method can replace the conventional method to teach interpretation of 
extraoral radiographs after evaluation of academic level of the studies.  
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Introduction 

Extraoral radiographs are usually ordered by 
general dental practitioners. These radiographs 
are wanted in some special cases such as 
evaluation of sinuses, fractures and evaluation 
of lesions (1). In order to diagnose abnormal 
conditions on radiographic images, the 
practitioner should have a sound knowledge 
about the normal radiographic anatomy. 
Teaching interpretation of extraoral 
radiographs to dental students is carried out 
very briefly during a very limited period of time 
with the use of slides, which includes 
introducing radiographs and indications for 
ordering them. A proper understanding of 
various anatomic structures and regions 
requires a thorough understanding about the 
anatomy and the radiographic views of these 
areas from different points (lateral, 
anteroposteior etc). Three-dimensional 
understanding of the skull and maxillofacial 
region is very useful for the diagnosis of 
fractures, lesions etc. Given what was discussed 
above, the time allocated to teach 
interpretation of extraoral radiographs to 
dental students is very short and the time 
interval between teaching anatomy (as a 
prerequisite for interpreting extraoral 
radiographs) and the extraoral radiographic 
image interpretation courses is very long. 
Therefore, the anatomy lessons are forgotten 
and the radiographic landmarks are not learned 
very well and are not retained. Therefore, due 
to limited educational hours allocated to these 
subjects, it is necessary to use other techniques 
to overcome problems related to learning these 
lessons; in this context, use of computer 
techniques might promote learning (2). The 
World Wide Web has been introduced as a rich 
source for education and learning processes in 
the fields of medicine and nursing (2). A large 
number of studies have been carried out on 
computer-assisted learning (CAL). In the 
majority of these studies, no statistically 

significant differences have been found 
between study groups in relation to 
comparison of different commonly used 
lecturing techniques (3-5).  

In different branches of dentistry, including 
periodontology, orthodontics, morphology and 
endodontics, similar results have been achieved 
(6-9). No significant relation has been 
established between the time spent on CAL and 
students’ scores (4,9). However, advantages, 
such as motivation for learning, freedom of 
action and a feeling of security by the students, 
have been reported  (3,10), which have 
resulted in their satisfaction with CAL method 
despite lack of differences in the results of 
comparisons with lecture-based teaching 
techniques (9,11). In some studies, female 
students have preferred lectures (6,9,12) and 
male students have preferred self-learning 
methods (9). Studies have not suggested that 
CAL method should replace lecture-based 
method (2,9); rather, they have suggested a 
combination of lectures and CAL (3,6,7,13). In 
dental radiology courses on interpretation of 
extraoral radiographs, CAL method has been 
reported to be effective but no relationship has 
been found with retention (11). No significant 
findings have been reported in relation to 
learning of clinical courses (10,11). In learning 
courses such as surgery and radiology, there is 
a need to learn basic sciences and gain a 3-
dimentional understanding of body structures 
so that real learning would be achieved in order 
to interpret and react properly and correctly. In 
this context, use of 3-dimensional computer 
images is useful (14); however, it is necessary 
to combine teaching of basic sciences and other 
courses (15). It appears that separating basic 
science courses is not important; however, 
these courses help students learn diseases and 
their characteristics better (15). Considering 
the time interval between teaching anatomy 
courses, as prerequisites for understanding 
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radiographic images, it is necessary to teach 
interpretation of extraoral radiographs with 
refresher courses of anatomy. In addition, a 
method should be introduced so that after 
teaching the lessons, in information will be 
retained for clinical applications after 
graduation from the university.  

The aim of the present study was to provide 
a better understanding and greater retention of 
anatomic landmarks on extraoral radiographs. 
Therefore, considering the results of previous 
studies on the effect of adjunctive techniques 
and suggestions regarding not replacing 
conventional methods with adjunctive methods 
and satisfaction of students with the 
advantages of CAL, a combination of lecture-
based method and CAL were evaluated in 
relation to teaching the interpretation of 
extraoral radiographs to undergraduate dental 
students.  

Methods 

The present interventional study was carried 
out in 2009. The subjects consisted of 50 dental 
students in the 6th semester of their studies. 
The students had taken theoretical radiology 
course II on interpretation of extraoral 
radiographs. The students were randomly 
divided into two groups. The dividing 
procedure was carried out by a university 
lecturer not involved in the teaching process. 
All the students signed an informed written 
consent form to take part in the study and 
attended the relevant classes based on the 
classification carried out. Group 1 consisted of 
25 students who were taught by lectures in the 
classroom using the Microsoft Power Point 
program. The slides used consisted of images 
and texts used in the relevant reference books 
and the anatomic landmarks were shown and 
taught on slides prepared from extraoral 
radiographs. At the end of the course the 
students took a test, during which they were 
given a table consisting of 40 squares and were 
asked to record the name of the landmarks 

indicated on the radiograph in each square. The 
images had been selected from the textbook of 
radiography 1, which had been used during the 
teaching. The images were appropriate for the 
research purpose and 5 university staffs in the 
field of oral radiology evaluated the validity of 
the images and their opinions were used to 
make the necessary modifications. In the 
present study each correct answer received a 
score of 1 and no scores were given to wrong 
answers. Classes for group 1 were held before 
the combination classes.  

Group 2 consisted of 25 students, who were 
given a CD on the anatomy lessons one week 
before the classes were held in order to refresh 
anatomy lessons. The students were asked to 
review the CD before the classes began. The CD 
contained a Microsoft Power Point program 
and each extraoral radiograph had been 
included in one program; each program 
consisted of radiographic images of one type of 
extraoral radiograph. The CD also consisted 
schematic representations of dry skulls and 
corpses from human anatomy atlas books 
conforming to the type of the extraoral image 
involved.  The procedures above were followed 
in order to refresh anatomy lessons of previous 
years and to compare them with different 
anatomic landmarks on radiographic images. In 
addition to reviewing the CD provided, the 
students were asked to study the relevant 
landmarks on a dry skull. On The first class day 
the students were given a test to evaluate their 
knowledge about anatomy at baseline. The 
lecturer and postgraduate students in the 
Department of Maxillofacial Radiology asked 
the undergraduate students some questions 
about anatomic landmarks on a dry skull and 
the number of correct answers was recorded. 
This test was not one of the aims of the present 
study and was only carried out to classify 
students, appropriate to their basic knowledge, 
in teaching groups. Based on the results of this 
test, the students were divided into 3 groups of 
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weak, moderate and strong. The students were 
divided into 4-student groups and in each 
group, weak, moderate and strong students 
were placed so that a strong student would be 
involved in the teaching process in each group. 
The groupings were carried out randomly so 
that a uniform distribution of students would 
be carried out in all the groups as far as 
possible. It was expected that in this way all the 
groups could progress with the same quality 
during teaching. The combination method was 
carried out in the Anatomy Hall of the Faculty 
of Medicine. Each 4-member group was given a 
laptop computer and a number of dry skulls. In 
order to help use the skull and change the slide 
in the laptop computer parallel with the lecture 
given by the professor, one postgraduate 
student of oral radiology was allocated to each 
group. The professor began to give the lecture 
and during the teaching, guidelines were 
provided for the groups by postgraduate 
students on how to use the slides and dry 
skulls. In this method, presentation of anatomic 
landmarks was not confined only to the slides 
similar to the lectures in group 1; rather the 
postgraduate students helped the 
undergraduate students compare the 
landmarks on the dry skull with those on 
radiographs. After the teaching period, a test 
was given to the students similar to that in 
group 1. Lectures were presented by two 
assistant professors in the Department of 
Maxillofacial Radiology. The time and content 
of the lectures and the slides presented were 
similar in both groups and based on the 
educational curriculum.  

In order to evaluate retention of knowledge 
the second test was given 6 months after the 
first test to the students of both groups, 
without a prior warning, similar to the first test 
and with similar times in both groups. None of 
the groups had received further educations 
after the first test. In order to satisfy the 
students in relation to the study, after the 

second test, the first group underwent the 
combination educational method. 

Students’ demographic data and grades 
were kept confidential. The study design which 
was in accordance with the Helsinki Declaration 
of Human Rights was submitted to and 
approved by the Committee for Ethics in 
Research on Humans at Tabriz University of 
Medical Sciences (Ref number: 7524). After the 
study, the students were asked to give their 
opinion about the two teaching methods. The 
students in the second group were fully 
satisfied with the combination method and 
requested that the duration of teaching with 
the combination method be increased. 
Therefore, the same teaching technique was 
used for the 50 students entering the university 
the following year. However, the teaching 
duration increased up to 1 hour.  

Statistical analysis 

The data was analyzed using the SPSS 
software (version 16). Descriptive statistics 
including means and standard deviations were 
calculated for all variables and two-factor 
ANOVA were also used. In addition, Bonferroni 
post hoc test was used to make comparisons 
between the two groups. P< 0.05 was 
considered statistically significant. 

 

Results 

The means of the grades in both 
conventional and combinational groups for 
students of both classes (entering the 
university in 2006 and 2007) are presented in 
Table 1. 

Comparison of the results of the first test 
between the two classes, in both conventional 
and combination groups, revealed statistically 
significant differences (P<0.001). No statistically 
significant differences were observed between 
the two classes in the conventional method 
when the results of the second test were  



 
 

 

 Australian International Academic Centre, Australia                                            20| P a g e   
 

Original article Advances in Bioscience & Clinical Medicine 

 

 Entering in 2006 Entering in 2007 

T1; the first test of the conventional group 21.36±7.09 13.23±4.49 

T2; the second test of the conventional group  13.48±6.39 14.04±6.64 

T1; the first test of the combinational group 25.88±9.25 16.38±6.41 

T2; the second test of the combinational group 20.92±8.61 27.69±8.28 

Table 1: The means of grades in both tests in the two classes 

compared (P=0.76); however, there were 
significant differences in the results of the 
second test between the two classes in the 
combination method (P=0.006).  

The first test did not exhibit any significant 
differences between the conventional and 
combination methods in students entering the 
university in 2006 (P=0.055); however, there 
were significant differences in students 
entering the university in 2007 (P=0.03). In 
relation to the second test, there were 
significant differences between the 
conventional and combination methods in both 
classes (2006 and 2007) (P<0.001).  

Figures 1, 2 and 3 show the error bars of the 
tests in both classes. In addition, the results of 
two-factor ANOVA showed that the cumulative 

effect of the two variables of the teaching 
technique and the entrance year on the results 
of retention tests was statistically significant 
(P=0.04, F(1,98)=4.31). 

Discussion 

In the present study two conventional and 
combinational teaching methods were 
compared between the students of one class 
and also between the students of two classes 
whose students had entered the university with 
an interval of one year. All the conditions in the 
two classes and in the groups receiving 
different teaching techniques were the same. 
The only difference was the fact that upon the 
request of the students in the first class the 
combinational teaching technique in the 
second class was increased to two hours.

 

Figure 1: Comparison of Methods based on Year 
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Figure 2: Comparison of Methods based on Year 

 

 

 
Figure 3: Comparison of years based on Methods 
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The time spent on CAL  is widely different 
based on the students’ knowledge at baseline 
ad their interest in using such a technique. In 
orthodontic field the mean was reported to be 
41‒360 minutes (16). In the present study, a CD 
was given to the students one week before the 
combinational classes were held, which was 
similar in both classes (2006 and 2007).  

Comparison of the results of the first test 
between the students entering the university in 
2006 and 2007 in both conventional and 
combinational groups showed statistically 
significant differences. The mean grades of 
students entering the university in 2006 was 
higher than those of students entering the 
university in 2007, demonstrating a higher 
basic knowledge in the first class compared to 
the second class. In relation to the second test, 
there were no significant differences between 
the groups with the use of the conventional 
technique; however, there were significant 
differences in the results of the second test 
with the use of the combinational technique 
between the two classes, demonstrating 
similarity of learning with the use of the 
conventional technique in two groups with 
different levels of basic knowledge. However, 
the combination technique yielded better 
results in students with a higher knowledge 
level. The mean of grades in the second test in 
the combination technique group of students 
entering in 2007 was higher than all the other 
means. The long duration of teaching might 
have been more efficacious in solving the 
students’ problems by providing better chance 
for guiding the students by postgraduate 
students. This is similar to tutorials in which it is 
possible to increase the students’ motivation by 
their participation in the learning process (17). 
The second test was given 6 months after the 
first test without students’ prior knowledge and 
without their reviewing the lessons in order to 
evaluate retention of knowledge with CAL. 
Retention of knowledge is more valuable than 

short-term learning (18) because there is a long 
interval between presentation of radiography 
lessons and graduation from the university and 
application of knowledge in the clinic.  

Comparison of the first test between the 
conventional and combinational techniques in 
students entering the university in 2006 
exhibited no significant differences. The first 
test was given immediately after teaching with 
the two techniques in order to evaluate short-
term learning. A lack of significant differences 
between the two techniques reflects a lack of 
any effect of these techniques on short-term 
learning. However, in the case of students 
entering the university in 2007, the presence of 
significant differences in short-term learning, 
demonstrated by a higher mean grade in the 
combination group compared to the 
conventional group, reveals that if the duration 
of combinational technique increases, better 
learning is achieved even in the short-term. In 
addition, despite lack of significant differences 
in students entering in 2006, the students had a 
positive attitude toward CAL. Studies have 
shown that students have different attitudes 
toward CAL and evidence shows that they 
believe it is more time-saving (6). There are 
some other factors involved in satisfaction, 
including free review of the subjects and 
learning at any time the individual chooses.  

The results in both classes (2006 and 2007) 
in relation to the comparison of combinational 
and conventional techniques in the second test 
within each class showed better results with 
the combinational technique, i.e. the 
combinational technique had resulted in better 
retention compared to the lecture technique in 
both classes. A higher mean of grades in the 
second test in students entering in 2007 with 
the combinational technique shows that it had 
resulted in better retention of knowledge in 
addition to better efficacy of CAL and a longer 
duration of teaching.  
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However, there are some limitations with 
the use of the combinational technique, making 
it more time-consuming and costly for 
professors despite its efficacy in relation to the 
time and cost for students. Conversion of the 
face-to-face lecturing system to e-learning 
requires spending a long time on behalf of the 
universities (13) For example, a study showed 
that it is necessary to spend 300 hours to 
prepare a CAL program lasting one hour for the 
analysis of mixed dentition (16). In the present 
study, preparation of a CD, containing images 
scanned from different books and creation of 
effects in order to determine anatomic 
landmarks took two months. Nonetheless, 
there is limited evidence in relation to the 
efficacy of CAL for clinical abilities (6). Given the 
positive attitudes of students and despite the 
time-consuming and costly nature of preparing 
CAL programs, researchers believe that it is a 
necessary component for better learning (13). 

However, the majority of studies have shown 
that it cannot replace lectures and texts.  

The combinational technique, whether in 
the short term or long term, was superior to 
the conventional method in students with a 
higher basic knowledge level. The retention of 
knowledge in both classes was better with the 
combinational technique compared to the 
conventional method; therefore, it can replace 
the conventional method in teaching 
interpretation of extraoral radiographs. It is 
suggested that in future studies retention of 
knowledge be evaluated in graduates. 
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