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Huynh, Carolyn.  “Comparison of Dental Students’ Competency Scores When 

Interpreting Conventional Versus Digital Radiographs” Unpublished Doctor of Education 

Thesis, University of Houston, December 2015. 

Abstract 

With the transition from conventional radiographs to digital radiographs, dental educators 

are concerned whether this shift would have any impact on dental students’ ability to 

interpret digital images efficiently.  The aim of the study was to evaluate and compare 

dental students’ competency scores when interpreting conventional versus digital 

radiographs during their radiology training.  Competency scores were collected from 330 

third year dental students and were used to evaluate the differences between conventional 

(n=512) and digital (n=164) radiographs.  Mean competency score between the two 

groups were compared using an independent sample t test.  Mean competency scores for 

the conventional and digital radiographs were 88.55 and 87.04, respectively.  Based on 

these results it is clear that students who were trained using conventional x-rays 

performed better in their competency evaluation.  This paper discusses the results and 

makes suggestions for future research on this topic. 
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Chapter I 

Introduction 

Interpretation of dental radiographs is an integral part of dentistry.  Radiographic 

interpretation is a complex process which requires the use of certain algorithms in 

studying the images and the knowledge to weigh various findings to derive a diagnosis.  

(Koong, 2012).  In addition, “dental radiographs are a useful and necessary tool in the 

diagnosis and treatment of oral diseases such as caries, periodontal diseases and oral 

pathology” (Affairs, 2006, p. 1304).  Therefore, some form of radiographic examination 

is not only necessary but a requirement for the majority of dental patients (Whaites & 

Drage, 2013).  Dental radiographs are needed for patients to provide additional 

information beyond the information available from clinical examination and from patient 

histories.  Images acquired in a timely manner providing accurate diagnoses are part of 

excellent treatment and services.  After appropriate radiographs are ordered by dental 

faculty and acquired by dental students, a detailed study of the radiologic images must be 

performed and the findings must be documented in the patient’s record.  Students then 

combine the information from these images with their findings from the clinical 

examination and history to form a diagnosis that records a patient’s disease presence.  It 

is only when this diagnosis is established that treatment can be provided  (White & 

Pharoah, 2013).  
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During the twentieth century, dental offices were modernized by improving the 

appearance of dental chairs and upgrading the intra-oral x-ray units, but the practice of 

dentistry remained relatively static, and the method of acquiring x-ray images stayed 

about the same (Iacopino, 2007).  For example, conventional dental films have been 

present since the early 1900s and they continue to be used today.  Due to these reasons, 

dental students in most dental schools have used conventional film receptors as the 

method to capture radiographic images. 

Although the advantages of conventional dental films are used in many dental 

practices, there are many disadvantages that accompany film-based imaging techniques.  

These disadvantages include the time required to process the film, thus interrupting the 

dental treatment, and the variability of image quality associated with chemical film 

processing.  The former often delays the delivery of dental treatment and the latter may 

affect the quality of dental treatment.  In addition, film processing and storage requires 

more office space, and the manipulation of film-based images is impossible after 

processing (Versteeg, Sanderink, & van der Stelt, 1997).  However, conventional film has 

been an inexpensive and reliable image receptor in dental radiography for a long time.  

This may be the reason why attempts to introduce alternatives to dental film were not as 

successful (Versteeg et al., 1997).  As new technology becomes widely used and there is 

greater competition amongst the providers, the cost of new technology will eventually 
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become more affordable hastening the conversion to digital imaging. 

With the arrival of the twenty-first century, dentistry has been forced into a new 

paradigm regarding expected standards for patient care.  The “new science and 

technologies are already making their way into all aspects of dental practice and have 

changed traditional approaches to diagnostics, risk assessment, prevention, and many 

procedures in clinical dentistry” (Iacopino, 2007, p.451).  The application of computer 

and information sciences to improve dental research, education, and practice has led 

many dental schools to develop sophisticated simulation laboratories that take advantage 

of virtual reality technologies to teach preclinical skills (Iacopino, 2007).  One of the new 

state-of-the-art, technologies introduced to dentistry is converting from the use of 

conventional radiographic films to digital imaging sensors.  Digital imaging technologies 

have the potential to improve diagnosis and patient care; partly due to its ease of use, 

lower radiation exposure, and ease of manipulation (Farman, Levato, Gane, & Scarfe, 

2008).  Since its application to dental imaging, the computer, which is an indispensable 

device in digital imaging, provides many additional possibilities in dental radiography 

(Versteeg et al., 1997).  While the two imaging techniques are comparable, digital image 

management creates additional, incomparable options (Versteeg et al., 1997).  “For the 

profession and the patients it serves to benefit fully from modern science, new knowledge 

and technologies must be incorporated into the mainstream of dental education.    
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Nonetheless, the speed of this evolution must be increased if dentistry is to 

maintain its standing as a respected health care profession” (Iacopino, 2007, p. 450). 

Although this transition is expected to better dental patient care, it also causes 

challenges as this new technology is introduced to dental school curricula.  One of these 

new challenges is how to assess dental students’ abilities to use these digital images as a 

tool to diagnose caries and other jaw diseases during a dental examination.  When film-

based images are used in assessing dental students during the interpretation competency, 

the radiographs and selected cases are in abundance.  These collections are readily 

available and are carefully selected throughout the many years.  The changes in the image 

sensors, however, cause changes in the viewing process; x-ray illuminators (view boxes) 

are no longer needed and are replaced by computer monitors.  With the challenges in the 

modality of imaging, students are faced with many changes, such as case selection, 

location of the competency, and appearance of the images.  The new technology also 

imposes changes on a student’s ability to interpret radiographs.  Although the changes are 

forthcoming, there is still a debate whether or not this change will benefit students’ 

clinical skills.  With the use of dental radiographs dating back more than 100 years, the 

basic concept of dental x-rays and image capturing sensors is still a contemporary, 

primary tool for diagnosis.  “Recent developments in imaging systems and the 

introduction of new sensor types and advanced software are now providing increasing   
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clinical advantages” (Kayipmaz, Sezgin, Saricaoğlu, & Çan, 2011, p. 478).  

Statement of the Problem 

In 2007, a Texas dental school converted from film-based to a digital-sensor 

based intraoral radiographic imaging system (Zhang, Huynh, & Abramovitch, 2012).  

The new technology had many superior advantages such as practical applications, easy 

storage and low dose radiation exposure.  However, it was unknown to the dental 

educators how the new method compared to the conventional method in terms of 

students’ learning experience.  Since both methods were being used at the same time, this 

study was intended to evaluate the students’ learning outcomes. 

Purpose of the Study 

The dental school had invested a substantial amount of time, effort, and money to 

support advancements in dental education.  There were studies done to analyze the 

different imaging methods and the different appearances of the images; however, there 

were no studies done to explore students’ capabilities to apply the new technology to 

their clinical experiences.  Because the Texas dental school used dental students’ abilities 

to interpret radiographs as a means of competency, it was critical to determine whether 

one method was better than the other.  The results of this study were expected to answer 

this question.  
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Research Question 

This study aimed to evaluate whether there was a significant difference in 

student’s competency scores when using conventional versus digital radiographic images 

during their radiology training sessions.  For this purpose, the competency scores of third 

year dental students were compared. 

Context for the Study 

The locations of the exams at the Texas dental school differ when interpreting 

conventional radiographs or digital radiographs.  When conventional radiographs were 

used for the competency examination, the tests took place in the viewing room located 

within the radiology clinic.  This small room was only able to accommodate 10 to 15 

students at a time.  The only light sources for this room were from the multiple view 

boxes and the light in hallway.  The location for the exam using digital images was a 

simulation laboratory.  This laboratory was large enough to accommodate up to 100 exam 

takers.  This was not a dark room and the most of the lights were controlled by a switch.  

However, there was a row of lights by the exit/entrances that could not be turned off due 

to the city building code ordinance. 

The students were given ample time to examine and interpret the radiographic 

series in both groups.  The students were expected to provide their interpretation of the 

images in a short-answer test tool (Appendix A).  Three calibrated faculty members   
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evaluated the tests and scored them between 0-100.  Passing score for the test was 

85 or higher. 

Significance of the Problem 

The world of technology is changing rapidly and so is the demand for new 

technology in health care from the providers’ and the patients’ perspectives.  Presently, 

patients are more educated and are able to acquire information through social media and 

the Internet.  Therefore, providers will be required to implement new technology to 

provide better services. 

Although technology makes a difference, it is only part of the solution.  The true 

answer may lie in how the tool is used.  Thus, there is a need to prepare students to meet 

this demand.  This increases the responsibilities for dental schools to instruct students in 

the methods needed to use the new technology to provide modern services to the 

community. 

Educational Value of the Study 

Although the trend in digital imaging is increasing at a rapid pace especially in 

America, the majority of dental offices are still using conventional, film-based 

radiographs (Gart, 2010).  Therefore, dental schools are responsible for 

modifying/enhancing their curricula according to the advancements in the field.  Hence, it 

is the aim of this study to investigate whether utilizing digital radiography is a better   
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alternative to conventional radiographs.  If the results of this study suggest that the 

answer is yes, then this change in technology will help students train in a better 

environment and help them keep up to date with the newest technology.  Switching to 

digital imaging technology may be costly; however, the findings from this study may 

help other educational institutions make this decision based on the evidence offered. 

Definitions 

This section is provided to clarify certain terms used in this paper. 

Conventional Radiography.  Photographic film has been exposed to x-ray 

radiation and developed, traditionally using a process where the film is exposed to a 

series of chemicals in a dark room, as the films are sensitive to normal light.  Film-based 

radiographs must be viewed using a back-light source such as a light box or view box.  

These images are stored in the patients’ charts, in the pocket folder. 

Digital Radiography.  A form of X-ray imaging used to capture images, where 

digital X-ray sensors are used instead of traditional photographic film.  The images are 

transferred digitally to a computer and are viewed using a monitor; furthermore, these 

images can be manipulated on-line, or on the screen using the software tools.  These 

images are then stored in computer software in each patient’s electronic file. 

Competency Scores.  The number of points a student received for providing 

correct answers on an exam that tests the ability to accurately assess the dental condition   
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of the teeth and the surrounding supporting structures included in each X-ray. 

Virtual Patients.  These patients are non-existent and were created by an 

Information Technologist to store information for educational purposes.  These non-

existent patients were named according to semester and year the patients were used.  If 

the students were interpreting conventional radiographs, then these patients were used to 

record their scores.  If the students were interpreting digital radiographs, then the students 

used the FMS stored in the patients’ files; in addition, the test scores are also recorded 

here. 

Limitations of the Study 

While gathering the data for the study, no efforts were made to identify the 

students, and no demographic information was collected from the participants.  Secondly, 

the facilities used to collect the data were not identical as explained in the Context of the 

Study section.  The quality of the images may also vary.  For conventional x-ray films, 

the duplicated images lose details; therefore, this was a variable that makes performance 

worse.  While some digital images had sharp linear and edge definition, others displayed 

more graininess from increased radiographic noise.  Also, differences in monitor 

brightness and contrast settings would modify the appearance of diseases 

Summary 

At a Texas dental school, students were introduced to the oral radiology   
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curriculum at the beginning of their second year of the four-year curriculum.  

During this time, students were introduced to both modalities of image receptors and the 

techniques for handling of x-ray equipment and for image acquisition.  The students must 

demonstrate they are competent with these skills prior to treating patients in the radiology 

clinic.  They were taught the fundamental skills of interpretation of radiographic images 

in the second half of the second year of dental school. 

There are many advantages that digital technology has over conventional film-

based technology; however, it is not clear if one of these advantages is in the area of 

diagnosis.  Since the most important goal in dentistry is the quality of patient care, the 

quality of the diagnosis is important.  With interactive capabilities viewing digital 

radiographs as well as the lack of manipulation of conventional radiographs, this study 

intended to document whether the new technology would have an effect on students’ 

interpretation skills. 

 

 



 

 

 

 

Chapter II  

Literature Review 

History 

The first documented dental x-ray was in 1896 by an American dentist, C. 

Edmund Kells, on his dental assistant.  This discovery, almost120 years ago, had a major 

impact in the healthcare system.  This new diagnostic tool introduced a prominent 

technique to be used by both the physician and the dentist (Jacobsohn & Fedran, 1995).  

White & Pharoah (2008) stated dental radiology has played an exciting and critical 

diagnostic role in dentistry.  Each of these modalities eventually adapted to the digital 

revolution.  The primary use of dental radiology is to supplement the clinical examination 

by providing insight into the internal structures of the teeth and the supporting bone. 

Conventional and digital images 

White & Pharoah (2008) described that conventional film, when properly-

processed, provides useful diagnostic images at low cost; however, film processing is 

labor intensive and if not done properly, image quality can be suboptimal.  In addition, 

maintaining a properly equipped darkroom requires space and time.  Effluent waste from 

processing chemicals, i.e., developer and fixer, contribute to additional environment 

costs.  On the other hand, the use of digital technology provides a lower patient exposure 

dose, and the ability to increase the speed of image acquisition as well as create the 
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perception of being up to date with high technology in the eyes of the patient is important 

(White & Pharoah, 2008). 

Digital technology and patient care 

According to White & Pharoah (2008), film and digital systems all offer 

essentially equivalent diagnostic information; thus, a decision to convert to digital 

provides essentially equivalent diagnostic information.  Consequently, a decision to 

convert to digital technology is made for other reasons.  One of the more important 

reasons is to use digital images for patient education.  The ability to project the image on 

a computer screen in front of the patient, improves the patient’s ability to visually follow 

an explanation of their oral health condition and ultimately the treatment needs.  Other 

important benefits include reduced chance of physically losing hard copy films, sharing 

of images via e-mail, especially for second opinions or consultations and referrals.  

Another advantage of digital systems is the ability to use image processing tools such as 

brightness/darkness, contrast, and sharpening tools to assist in the interpretation process. 

Digital technology and dental schools 

As new technology is introduced in dentistry, other issues, such as teaching dental 

students to interpret radiographs become more challenging.  One of the important factors 

is that applying these tools improperly will degrade the image quality, potentially leading 

to inaccurate interpretation or over diagnosing.  Assessing dental students is a critical 

component of successful education in the skills, knowledge, and professional values that 
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define the competent practice of dentistry (Albino et al., 2008).  Studies have indicated 

that students’ approaches to learning are influenced by the methods of assessment used.  

Students tailor their studying habits to what is assessed rather than what is important. “In 

other words, assessment drives learning.”  (Schoonheim-Klein et al., 2006, p. 226).  New 

technology such as digital imaging improves the appearance of radiographs; however, 

there was no documented evidence whether this new modality gives the same or better 

accuracy.  The first study to address this issue was conducted by Pontual (2010), who set 

80 unrestored extracted teeth in a jig and exposed and generated film and digital images.  

The results indicated there were no significant differences in the diagnostic accuracy 

between the different modalities (Pontual, 2010) 

Interpretation and competencies 

According to a study conducted by M. Baghdady, Carnahan, Lam, & Woods, 

(2014), tests are used to assess knowledge and skills of learners; furthermore, studies 

have shown that tests can also be used to enhance student’s memories.  This is known as 

the “testing effect”.  The Baghdady et al (2014) study focused on the importance of 

testing and how it would improve the students’ understanding of the underlying disease 

mechanisms and diagnostic accuracy.  Students who are exposed to test-enhanced 

conditions during their learning phase out-perform students who are exposed only to 

study conditions (with no tests during the learning phase).  They concluded that students 

with test-enhanced settings improved their understanding of basic sciences and 
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underlying diseases and thus improved on their test of diagnostic accuracy ( Baghdady et 

al, 2014). 

The developmental skills in radiographic interpretation require a sound 

understanding of basic sciences.  Thus, it is expected that by graduation, all dental 

students will have developed skills in interpreting intra-oral and extra-oral radiographs.  

This is a critical skill, as oral radiology is an important component of pre-doctoral dental 

training  In order to address this issue Baghdady et al. (2013) conducted a different study 

to correlate the understanding of basic sciences and clinical sciences to improve 

diagnostic accuracy in radiographic interpretation skills.  This study compared the three 

strategies in radiologic image interpretation of four confusable radiopaque diseases.  The 

first strategy provided basic sciences information (i.e., pathophysiologic) that related 

disease pathophysiology to radiologic features.  The second strategy used feature lists 

structured with an organizational algorithm.  The third strategy provided a traditional 

unstructured list of radiologic features.  All student participants where taught the same 

four complex diseases using one of the learning strategies and then were tested on their 

diagnostic abilities and basic memory.  The first strategy group demonstrated higher 

diagnostic accuracy.  This result showed that an understanding of the basic science of 

disease pathophysiology can enhance diagnostic accuracy and that this learning strategy 

may be more beneficial than using organization alone (Baghdady, Carnahan, Lam, & 
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Woods, 2013).  Thus, this study supports the need for a new study to compare 

interpretation competencies using conventional and digital images. 

 A study by Vuchkova, Maybury, & Farah (2012) looked at high number of 

diagnostic errors made from radiographs and suggested the need to improve learning of 

radiographic interpretation in the dental curriculum.  This study also suggested that the 

responsibility of a dentist regarding radiological examinations is that the dentist must be 

able to identify normal anatomical landmarks and distinguish these from signs of 

pathological change. 

Radiology in dentistry is an important and commonly utilized diagnostic tool.  

However, accuracy in radiographic interpretation appears to be lacking. Vuchkova et al., 

(2012) also reported on the incidence of diagnostic error by radiology residents which is 

regarded as the “gold standard” in the measure of competency.  The first solution to this 

issue is to identify the underlying problem; perhaps the need to re-assess the learning and 

teaching of radiology.  One of the mandatory skills required for graduation is that each 

dental student has the ability to interpret radiological examinations common in general 

dental practice.  These authors also indicated that the ability to interpret radiographs is 

not correlated with level of education.  This suggests that emphasis should be placed 

more on the quality of teaching and not on the quantity. 

The newly constructed digital tool may appear more interesting to the dental 

student.  It is, however, not quantitatively superior to the conventional methods in 
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assisting dental students with learning radiographic interpretation.  Traditional text books 

are still valuable tools in the dental curriculum, but computer-assisted learning of oral 

radiographic anatomy appears to motivate learners due to its ability to engage the 

students through its interactive activities.  Vuchkova, et al. (2012) also addressed this 

issue, showing that students were more interested and more motivated to learn oral 

radiographic anatomy when digital images were provided.  In addition, this study found 

that the software to digitally enhance and alter images and draw colorful lines on the 

images was useful and interactive. 

 Koong (2012) stated in a study that the detailed knowledge of anatomy is an 

obvious prerequisite for all clinicians, and an understanding of the appearance of 

anatomic structures in radiologic images is crucial.  The knowledge of orofacial anatomy 

and the various pathoses along with an understanding of the strengths and limitations of 

the modality used is essential.  With dentistry and diagnosis, knowledge combined with 

appropriate training and guided experience is crucial in development of competent 

radiological interpretive skills. 

Summary 

 Although technology in healthcare has escalated especially in diagnostic imaging, 

conventional radiographs are still in use due to their low cost and familiar routine.  Dental 

imaging has improved over the years and the benefits are tremendous.  Compared to the 

conventional radiographs, digital images have advantages such as the capability to 
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manipulate the images and ease of storage (Versteeg, 1997).  In addition, one of the 

greatest benefits is the role it plays in patient care (Pharoah, 2008).  Digital technology 

not only requires lower dose of radiation exposure, but also enhances patient education. 

It appears to be clear that the influence of new technology in dental education and 

the dental curriculum is already evident in some dental schools (Iacopino, 007).  

Although digital radiography has been widely used in medicine, it was only in the 1980s 

that the first intra-oral sensors were developed for use in dentistry (Brennan, 2002).  At a 

Texas dental school, following the new trend of digital technology, the dental school 

converted from film-based intra-oral radiographic imaging to digital intraoral imaging 

system in 2007 (Zhang et al., 2012).  Since there were no studies implemented to evaluate 

how this change affected students’ learning abilities, this study compared third-year 

dental students competency scores when interpreting conventional versus digital 

radiographs.



 

 

 

 

Chapter III 

Methodology 

This chapter discusses the research methods that were used in this study.  Third-

year dental students (DS3) were the subjects and the competency scores when 

interpreting conventional and digital radiographs were the variables used to compare the 

effectiveness of new technology in education.  This chapter also outlines the research 

design and the data collection processes. 

Research Question 

Are the competency scores of third-year dental students more accurate when interpreting 

conventional or digital x-ray images? 

Variables.  The competency scores resulting from interpreting conventional 

versus digital radiographic imaging modalities was the dependent variable in this study.  

Because this was a pre-post research design, the intervention (independent variable) was 

the use of either conventional or digital radiographs to make dental assessments. 

Conventional Radiography Operational Definition.  A full-mouth series (FMS) 

ranging from 12-20 intraoral images were acquired using Kodak D-speed Intraoral Film, 

Eastman Kodak Co., Rochester, NY, (conventional receptor) and processed by dental and 

hygiene students; however, these images were approved by certified dental radiology 

technicians to be of diagnostic quality.  After selecting the competency-qualified series, 
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the FMSs were de-identified then duplicated to protect patients’ identification and 

privacy.  Furthermore, these series were assigned a number in chronological order and 

were stored in a binder.  This process was very time consuming and special storage space 

was required to keep exam cases secured. 

 Digital Radiography Operational Definition.  A full-mouth series (FMS), 

ranging from 12-20 intraoral images were acquired using ScanX Digital Imaging 

Systems, which included sensors and scanners, by Air Techniques, Inc., Melville, NY.  

After exposure and scanning of the Photo Stimulable Phosphor (PSP) Plates (digital 

sensors) by dental and hygiene students, the series were approved by certified dental 

radiology technicians to be of diagnostic quality.  These series were copied, de-identified 

by Information Technology (IT) members, and saved as virtual patients into a password 

protected, restricted list.  These FMS’s were stored and viewed using Medicor Imaging 

Picture Archive Communication System (MiPACs) software, by Medicor Imaging. 

Competency Scores Operational Definition.  The total score received for 

correctly interpreting each FMS case ranged from 0-100 scale.  Each major finding that 

was missed would greatly affect the treatment received; therefore, one point deduction 

was given.  Each minor finding that was missed which could affect treatment received 

resulted in a half point deduction.  Students had to receive a score of an 85 or higher to 

pass the competency exam. 

Measures.  The measure used was the competency exam.  An FMS series was 
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used to test students’ interpretation competency, and the exam responses were composed 

of written short answers and fill-in-the-blanks.  By passing this examination, the students 

demonstrated they were competent in interpreting radiographs for correctly identifying 

oral diseases which ultimately led to a treatment plan suited for each patient.  The same 

exam was given and interpreted for all four years of the study.  Because there was only 

one measure used and only the groups of students changed, there was high consistency in 

this measure.  The exam format and questions used were identical and correlated to the 

forms used in the pre-doctoral clinics (Appendix A). 

Scales and Subscales.  The DS3s were required to pass the midterm exams of the 

didactic course Oral Maxillofacial Radiology II with the score of 70 or higher (0-100 

scale) to qualify for the clinical interpretation competency exam.  This midterm covered 

the lecture series related to the radiographic presentation of caries, periodontal diseases, 

periapical diseases, and recognition of variations of dental anomalies.  In addition, the 

multiple choice midterm also consisted of 10 fill-in-the-blank questions testing 

radiographic anatomy recognition.  Consequently, the knowledge of these areas tested in 

the classroom coincided with the application of these learnings to treating patients in the 

clinic. 

 

Research Design  

Third-year dental students (DS3) were given two radiology interpretation 
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competency exams: one FMS radiograph exam was scheduled towards the end of the fall 

semester while the other FMS exam was scheduled at the end of the spring semester.  The 

time frame selected for the first exams were such that it would follow the completion, or 

close to the completion, of the lecture series in the fall semester.  The second competency 

was given towards the end of the third year so that the students had time to gain more 

experience between the first and second exams.  The didactic years selected for this study 

were 2008-2009 through 2011-2012.  This time frame was selected because it was during 

the school’s transition from conventional to digital imaging; thus, both methods were 

taught during these years. 

Radiology faculty selected cases for competency exams based on the guidelines 

stated on top of the Radiographic Interpretation Report, in the course syllabus.  These 

guidelines were used for both conventional and digital images (Appendix B, p.52).  

Students had options whether or not to use their active patients’ cases for the competency 

exams by the course deadline stated in the syllabus.  In the event students were not able 

to find cases that fit the guidelines for the competency, they were required to use the pre-

selected virtual cases.  When students were unable to find qualified cases in a timely 

manner, a make-up mass interpretation examination was the alternative. 

For virtual conventional cases, faculty provided students with a hard copy film-

image based of the FMSs that were duplicated and de-identified.  To record the grades, a 

virtual patient was created at the beginning of the semester and the students entered the 
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procedure codes.  Ultimately these codes were approved and exam scores were recorded 

by radiology faculty.  These virtual patients were named differently and were used for 

conventional cases only which means there were no FMSs attached in these health 

records.  Because of the different names given to these virtual patients, data for 

conventional and digital images were able to be extracted and labeled separately. 

Although digital radiography was first used in this dental school in 2007, they 

were not incorporated in the radiology clinics until 2008.  During this trial period, the 

mass examinations using digital images were introduced as a make-up examination 

because it was more manageable in smaller groups.  Each student was assigned a unit in 

the simulation laboratory (sim lab).  Each workstation was equipped with a the 

appropriate equipment to view and analyze the images.  When students came to the sim 

lab where the exam was administered, they were given the virtual patient’s chart number 

to access the FMS.  All students in the session were given the same exam questions using 

the same assigned digital FMS case to answer the questions. 

At the start of the mass exam each student entered an interpretation procedure 

code into the virtual patient’s treatment history using each student’s log-in and 

identification.  This process was similar to the conventional film competency process; 

however, this was done with a different patient named and labeled for digital images; in 

addition, these patients had FMS cases in their records.  These codes were later used to 

extract the competency scores for digital images. 
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After the approval from the Institutional Review Board (IRB), the competency 

scores from years 2008-2009 through 2011-2012 were extracted for 330 third-year dental 

students (Table 1).  The interpretation code that was used for the virtual patients was the 

field selected for collecting the test scores.  The competency scores were exported to an 

Excel spread sheet.  The data were analyzed using an independent samples t-test because 

it compared the means of two unrelated groups to detect whether there were any 

statistically significant differences between the two.  The data were analyzed using IBM 

SPSS (Version 22, IBM Corp). 

Participants.  Participants were third-year-dental students (DS3s) enrolled at a 

dental college in a large southwestern city who had successfully completed first and 

second years of dental school. 

Characteristics of the Participants.  These students had also taken and passed 

National Boards Dental Examination Part I.  The DS3 were enrolled in the third-year 

Oral Maxillofacial Radiology II lecture series and had successfully passed the mid-term 

with a score of 70% or higher.  This group of students was selected because they had no 

prior instructions or clinical experiences in radiographic interpretations other than 

knowledge gained from lectures and labs instructed by the radiology faculty and staff.  

These students were ready for the next step in patient care which was to formulate the 

treatment plan and ultimately treat the patient in the clinic.  Thus, they all had the same 

level of learning and interpretation training exercises; these students completed the same 
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course work.  

Intervention.  There are institutions that still have not made the switch to digital 

imaging; however, some have and other are still in the process of switching.  While the 

change in new technology is rapid, there are no documented studies that have studied 

how well students are benefitting from this change and whether the benefits are being 

measured.  Hopefully, this study will provide the foundation for other schools to conduct 

similar studies, learn with the results and act on them.  The outcomes from these studies 

will help modify the curriculum for the dental students.  As a result, advanced technology 

may change the curriculum to improve dental services to the community.  

Data Collection Procedures.  After obtaining IRB approval, the IT department 

assigned a software specialist to assist in the collection of data.  These interpretation 

competency scores from third-year-dental students across the four years of this study 

were extracted from the Electronic Health Records (EHR) of virtual patients.  The scores 

were collected for the fall and spring semesters for the following academic years: 2008-

2009, 2009-2010, 2010-2011, and 2011-2012 (Table 1).  The test scores were extracted 

from EHR through virtual patients’ procedure code.  Since each DS3 completed two FMS 

interpretation competencies per year, there were eight sets of competency scores in the 

span of four years.  The competency scores were exported into a Microsoft Office 2010 

Excel spreadsheet.  Students’ names were de-identified and re-assigned random subject 

numbers.  These essential numbers from the excel, Microsoft Office 2010 spread sheet 



25 

 

 

were then exported as a statistical dataset using IBM SPSS (Version 22, IBM Corp.) 

software package for data analysis.  

Information detailing the number of students included in each term and the type 

of X-ray viewed by each student is provided below in Table 1. 
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Table 1.  Sample data collection  

 

 

Data Analysis Procedures.  The data were analyzed using IBM SPSS (Version 

22, IBM Corp).  Descriptive statistics were to determine the mean for each independent 

variable, as well as variability data.  The dependent variables, competency scores from 

interpreting both types of FMS series, conventional and digital, were compared using the 

independent samples t-test.  

Subject # Score Xray Type Semester

1 85 Digital Fall 2008

2 88 Digital Fall 2008

3 80 Digital Fall 2008

4 83 Digital Fall 2008

5 89 Digital Fall 2008

6 85 Digital Fall 2008

7 84 Digital Fall 2008

8 85 Digital Fall 2008

9 80 Digital Fall 2008

10 93 Coventional Fall 2008

11 92 Coventional Fall 2008

12 88 Coventional Spring 2009

13 80 Coventional Spring 2009

14 82 Coventional Spring 2009

15 95 Coventional Spring 2009

16 87 Digital Spring 2009

17 93 Digital Spring 2009

18 88 Digital Spring 2009

19 92 Digital Spring 2009

20 90 Digital Spring 2009
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Summary 

One of the purposes of this chapter was to define the variables used in comparing 

the means of the competency scores.  Thus, this chapter defined conventional and digital 

radiographs, as well as competency scores.  The DS3s were selected for this study due to 

the knowledge they gained from didactic courses and clinical interpretation experiences 

with radiology faculty.  This chapter summarized how the data were collected and 

analyzed.  The findings from the study will be presented in the next chapter. 

 



 

 

 

 

Chapter IV  

Discussion of Results 

 

Overview of the Problem and Methodological Approach 

Radiographic interpretation is a fundamental part of diagnosis in dentistry; 

therefore, teaching students to be proficient at using radiographs to gather information is 

a prerequisite for becoming a dentist to better serve the public.  The dental students 

learned the interpretation process starting at the beginning of the second year including a 

lecture series to coincide with their radiology laboratory experiences.  After the 

completion of the second year, students entered intense clinic rotations where knowledge 

and skills in radiology were tested.  The students’ interpretation skills were measured by 

competency exams and the results were evaluated.  Since the students used two different 

image modalities to take their exams, the means from the two different image types were 

compared.  Considering digital imaging was a more exacting method, the study was 

expected to see better test scores using digital images. 

Results 

From the data collected, the following graphs and tables represented the findings 

and comparisons of the two x-ray groups.  There were 676 radiographic interpretation 

competency scores collected from 330 third-year dental students between the didactic No 

table of figures entries found.according to semesters and x-ray types.  The distribution 
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of types of x-rays demonstrates the frequency of competency scores between the years 

2008-2012. 

 

Table 2.  Distribution of scores according to the semester and x-ray type 

 

X-ray Type 

Total Conventional Digital 

Semester Fall 2008 2 9 11 

Spring 2009 130 28 158 

Fall 2009 52 10 62 

Spring 2010 83 21 104 

Fall 2010 57 19 76 

Spring 2011 73 19 92 

Fall 2011 36 29 65 

Spring 2012 79 29 108 

Total 512 164 676 

 

Of the 676 total scores selected, the majority of these scores (n=512) were from 

conventional radiography while only 164 were from digital radiography groups (Figure 

1).  The data were subjected to an independent sample t-test.  The level of significance 

necessary to reject the null hypothesis was established at p<0.05.   
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Figure 1.  Distribution of the competency scores in the sample 

 

 
Figure 2.  Distribution of types of x-rays according to semesters 
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Figure 3.  Progression of the averages by semesters 

 

Figure 2 showed the plotted graph of numbers of scores collected by different 

types of x-rays used over the four years of the study.  While the number of conventional 

x-ray incidences fluctuated greatly, the number of digital incidences had a steady, slow 

incline.  Concurrently, Figure 3, showed the averages of scores for each x-ray type per 

semester which were then plotted and graphed.  Results indicated that the averages were 

very close together; however, the digital scores increased over time. 

 These data then were export to IBM SPSS for the statistical analysis.  The data 

showed the mean exam score for the interpretation of conventional images was 88.55 

while the mean exam score for the interpretation of the digital images was 87.04 (Table 

3).  The independent t-test data indicated that there was a statistically significant 
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difference between the two groups (t674 = 2.9, p = .004).  Surprisingly, however, the 

students using conventional radiography performed better on the competency test. 

 
Table 3.  Comparison of means between conventional and digital methods 

X-ray type n Mean Competency 

Score 

SD p 

Conventional 512 88.55 5.9 

0.004* 
Digital 164 87.04 5.3 

*P<0.05 

Please note that the actual means showed very little difference; however, the 

result was highly significant primarily due to a large sample size. 

Summary 

Of the 676 competency scores collected, the scores from conventional images 

were n=512 and the scores from digital were n=164.  The data showed the number of 

exams taken that used conventional radiographs fluctuated while the number of exams 

taken that used digital radiographs steadily increased.  Also, Figure 3 showed the 

averaged exam scores using conventional radiographs dropped at the beginning of the 

study but steadily plateaued.  Whereas, the averaged exam scores using digital 

radiographs increased at the beginning but then also plateaued out very close to the 

averages of conventional radiograph data.  Because of the need to explore if the 

differences in the image types affected the test scores, the data were analyzed by an 

independent samples t-test.  Since the p = 0.004, it revealed that there was a significance 

difference between the two unrelated groups, and that the student scores were higher for 
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the traditional X-rays rather than the digital ones.  These issues will be discussed in more 

depth in chapter 5. 

 



 

 

 

 

Chapter V  

Discussion and Conclusion 

For most dental schools, having new technology is a positive step, especially 

when the change is the introduction of digital imaging in radiology.  Moreover, when 

comparing radiation dosage, digital x-rays use less radiation to acquire diagnostic images 

than conventional radiographs.  With the transfer of X-ray images immediately to a 

computer screen, dentists can identify existing diseases and discuss the treatment with the 

patient in a timely manner.  In addition, these images can be enlarged, or the contrast can 

be changed or manipulated to aid the dentists in formulating the treatment plans.  Using 

this new tool appropriately provides the opportunity for better services to the dental 

patients.  Furthermore, these images could be saved, stored, and shared more readily.  

However, teaching this new technology can be challenging, and there has not been a 

study to measure whether students learn better with the new or the old technology.  

Therefore, this study focused on the comparison of third-year dental students’ 

interpretation competency scores using conventional and digital images. 

Overview of the Problem and Methodological Approach 

With any new technology introduced, there will be new teaching skills and 

techniques to be learned.  With the change of tools and new teaching methods, no study 

has investigated whether students learn better with the new system.  To assess students’ 
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ability to interpret dental radiographs, a Texas dental school conducts Radiographic 

Interpretation Competencies twice during the third-year of the dental school curriculum.  

The competency exams are used to gauge the students’ ability to recognize normal or 

abnormal findings on a given set of cases selected by the radiology faculty.  

Discussion of the Research 

The initial data collection gathered a very small sample size at the beginning of 

the study (Table 2, Fall 2008).  This was the result of the fact that the creation of virtual 

patients in EHR was not yet fully established.  Also it was discovered procedure codes 

were needed to record the scores.  This process was necessary because the institution was 

referring to EHR to tabulate students’ progress and completion of clinical experiences.  

This creation later helped the IT personnel extract data for this study. 

This study was expected to show higher interpretation competency scores using 

digital technology.  Surprisingly, though, the result showed that the students actually 

scored higher using conventional radiographs in their exams.  Please note, however, that 

the differences between the scores was very small, and may well have been the result of 

sampling error.  In addition, although the overall sample size was large, the sample size 

using conventional radiographs was remarkably larger than the digital sample size (n = 

512 for conventional and n = 164 for digital).  The reason for the large difference in 

sample sizes was due to the timeframe selected for data collection.  Digital radiographs 

used for interpretation competencies were slowly incorporated into the third-year 
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radiology clinic beginning in the fall of 2008.  The introduction of digital images 

occurred with a small number of students who missed the regularly scheduled exam.  

Consequently, this group of students used digital images as a pilot study to test-drive the 

exam on a smaller, manageable scale.  The exam used virtual cases and required IT 

personnel’s technical assistance.  Additional resources such as a special setting, i.e., 

simulation lab, were needed in order to conduct the examination.  Because of the careful 

planning and coordinating for this type of an exam with various departments a smaller 

sample size in digital scores resulted for this group. 

Since competency exams using digital images were a pilot study, students had 

limited exposure and experiences in digital radiographs.  This could also be a 

contributing factor for the lack of large differences between the scores.  In other words, 

no additional or special training in digital imaging was conducted for the group prior to 

the exam.  During this transitional time, the teaching methods were still heavily 

emphasized towards conventional x-rays; methods to teach these new tools were slowly 

integrated into the curriculum; however, they were not yet perfected.  

Another reason for the differences in the scores was that the data collection 

extended only to spring of 2012.  Therefore, the competency scores were comparing the 

very end of the conventional methods era to the very beginning of the digital methods 

integration.  Consequently, the faculty were more comfortable and were more expert at 

using and teaching conventional methods.  In fact, the support staff and faculty were still 
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on a learning curve with the digital methods.  

The question, therefore, still remains: will students be more adept at diagnosing 

patients with digital images rather than conventional images.  This leads to the need for 

future studies that would look into competency scores when interpreting digital images 

after more training and experiences by the staff and faculty.  Also, subsequent studies 

should collect comparable digital imaging subject numbers so that the sample sizes for 

both groups would be more equivalent. 

Limitations 

The obvious limitation of this study included the fact that different groups of 

students used different cases.  The study looked at four different groups of DS3s in the 

four years of the study.  Because there was no effort to collect demographic information 

about the students, their differences in age, class, gender ratio, economic status, past 

education accomplishments, and personal level of dental experiences may have had an 

impact on their ability to learn and perform.  So therefore, one group may perform better 

as a class compared to the next year’s group. 

Another limiting factor was that despite the careful selection of competency cases 

fitting the specific criteria (Appendix B, page 52), the cases were not identical; their level 

of difficulty was similar but not the same.  For example, the criteria specified that the 

cases must have certain incidences of oral diseases in the radiographic series; however, 

the degree of progression of these diseases cannot be predetermined.  For example, one 
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case could show an obvious large carious lesion on a particular molar and another case 

could show moderate caries lesion on a premolar. 

In addition, at the time digital imaging was introduced to the school, students had 

received more training with conventional radiographs than digital.  It was not until later 

terms that the transition to digital was more dominant.  Until then, students were taught 

by faculty and staff who were very familiar and comfortable with conventional x-ray 

techniques and interpretations.  This comfort level was further applicable to students 

because they had personal experiences with conventional methods prior to dental school 

experiences. 

Also, the competency exams were administered at different times in the 

semesters.  Because of increased class sizes and clinical rotation schedules, the DS3s had 

to be divided into smaller groups: the first group had not had all the lectures or 

experiences in laboratory before their exams.  Consequently, this group had less 

experience with digital images.  Meanwhile, the second group had more time to review 

the lectures and had more laboratory experiences.  Although the actual mean scores were 

fairly comparable and only appeared different due to a large overall sample size, future 

studies should address this issue as well. 

Additionally, the number of subjects only reflected the number of scores 

collected; the scores did not differentiate whether the subjects were the same subjects in 

the same semester retaking the exam due to failure.  If any of the subjects were taking the 
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exams more than once or had gone through the remediation processes, then their level of 

knowledge was no longer equivalent to the rest of the group.  For future studies, this issue 

should be identified and separated. 

In addition, the cases were often selected by different faculty, thus leading to a 

lack of calibration.  The cases that were approved by one faculty for competency, may be 

viewed by another faculty as being too easy or the findings were not challenging enough.  

Also, there were conflicts in grading, since the exams were graded by different faculty.  

Because of the diversity of faculty in terms of their background, training, and 

experiences, the subjective answers were more difficult to evaluate consistently.  

Finally, despite of the diversity, faculty and staff all had more experiences with 

conventional images so therefore, were more proficient in teaching and training of 

students in the conventional methods.  Therefore, the support and guidance provided to 

students in these cases was not as intimidating as would be true in using the new 

methods.  In addition, digital technology errors took a longer time to correct if not used 

correctly.  If these limitations are considered, future studies should show a different 

result. 

Implications 

Before the introduction of new tools in radiology, it was safe to assume that if 

students did not do well on an exam, they must not have studied or understood the 

materials well.  The results from this study brought out another issue that must be 
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investigated.  It is possible that the problem was not with the students; instead, perhaps 

the faculty’s ability to teach new methods was inconsistent or less well developed than 

the teaching of older methods.  In addition, one might expect that the younger generation 

would master the use of technology more quickly; this leads to a question about why the 

exam results using conventional radiographs indicated higher scores and thus possibly 

more proficiency?  Even though new technology in dentistry is astounding, perhaps the 

use of this technology is not comparable to interpreting digital images.  Or perhaps the 

faculty need to master the digital technology before they can successfully teach it to the 

younger generation.  If faculty failed to adopt the new technology, passing the skills to 

the students would be challenging.  For instance, faculty may feel intimidated with new 

software and fearful that if they made an incorrect selection, the system would lock, thus 

causing the network to freeze and take more time.  This lack of confidence may force the 

faculty to prefer conventional methods which were more familiar and more dependable 

and took less time to develop, present and evaluate.  

Conclusions 

These results assessing interpretation scores using digital technology versus 

conventional methods do not highlight the advantages of digital technology when 

comparing interpretation skills.  Although the scores of radiographic interpretations of 

conventional radiographs were higher than the scores of digital radiographs, these data 

may not mean that the conventional method is superior to the digital method.  Digital 
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technologies such as digital radiographs are far superior to conventional radiographs in 

many ways.  The 2D digital images can be acquired using less radiation; there is 

immediate availability for viewing, sharing, and consulting; it is easier to manipulate the 

images, which provides sharper, better resolution, and more measurable images; thus, 

leading students to develop the ability to conduct faster treatment planning.  Therefore, 

they are able to provide better services to the patients.  Lastly, these electronic images are 

far easier to store, hence, saving space and paper. 

Converting conventional x-rays in a dental school to digital technology is 

necessary but can be very challenging.  The first challenge an institution faces is 

financing the support needed to update the resources and purchasing of new equipment.  

Furthermore, there will be additional expenses for supplementary software and service 

maintenance.  Another challenge an institution may face is the time allotted for the 

learning curve of new technology.  In particular, senior faculty may find this new 

technology harder to grasp.  In addition, the transition can be very confusing because 

there will be multiple files for active patients, including conventional, hard-copy images 

as well as digital ones.  More importantly there is a need to adjust the curriculum to teach 

new technology.  This may require incorporating computer simulated cases and 

additional lab time for training both the students and the faculty.  Another very important 

challenge is the decision the faculty has to make regarding how much technology to use.  

If the institution is trying to keep up with the constant changes in technology, things can 
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be very confusing for faculty as well as making the material more difficult to teach.  

Sometimes it is best to stay with one new change for a period of time so the faculty can  

perfect their skills both in clinic and in teaching methods.  For example, new and 

improved software are updated constantly.  If the institution switches from current 

software to better but unfamiliar software too quickly, it could cause confusion and chaos 

in the clinic.  Perhaps more time with each change would give faculty a chance to 

familiarize the advance technology to be able to take full advantage of the new tool. 

Because the competency scores results were not as expected, there will be a need 

to assess how these new techniques are taught.  The question remains, however: why did 

the new technology not yield better results in tests scores?  Perhaps faculty and staff were 

not proficient, the environment was not well suited or the teaching methods not adequate.  

Or perhaps the students did not have adequate training due to lack of time and 

infrequency in laboratory rotations. 

According to the articles by written by Pharoah (White & Pharoah, 2008), digital 

technology was considered to be superior to conventional technology.  Because the 

expected higher scores when interpreting digital images did not take place, the study must 

identify the challenges that prevented better scores with new technology.  Once the 

challenges of new technology are addressed and improved, students will be better 

prepared to meet patient expectations and provide better dental treatment.  In order to 

ensure the challenges are met, faculty and staff need to be more proficient with new 
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technology prior to its introduction.  In addition, students, staff and faculty need to attend 

annual scheduled training and calibration sessions.  Finally, more lab and clinical hours 

should be provided allowing students to learn new technology, especially for 

radiographic interpretations. 

In order to meet the demands of change, faculty should be comfortable using new 

technology.  They need to master the skills of reading and manipulating digital 

radiographs before teaching the skills to the students.  Also, because the students are 

computer literate and very comfortable adapting to new technology, students may be 

influenced to use the tools incorrectly.  When used correctly, it would be an effective 

means in diagnosis and treatment planning.  Over manipulating the images is easy to do 

and even with the small changes performed, the overall diagnostic quality of the images 

can be affected.  Part of the training and experiences gained from instructions are to know 

and understand the limits of the new tool. 

Not all dental schools have converted to the use of digital radiographs; many 

schools are still using conventional films.  Thus, this study was also conducted to support 

the need to change to digital images.  Although the results from the test scores were not 

as expected, there are many reasons the switch to digital radiographs are more beneficial 

than conventional.  Each dental school is at a different stage of integrating new 

technology because there are many variables in teaching and introducing new technology 

which can make this a successful transition.  This study showed areas that needed further 
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investigation in order to maximize the use of new technology.  Digital technology is 

better in many ways such as low dose radiation exposure to patients, no chemical wastes 

to the environment, and ease of sharing images for quicker consultations and prompt 

treatments.  For these reasons, each institution will arrive at its own decision for making 

the switch.  Maximizing the use of digital images in dental school can be very 

advantageous as it will give patients a better service resulting in better healthcare. 

Recommendations 

Suggestions for future research include replicating this study but extending the 

data collected to include additional years where digital technology was taught and used 

by students.  Because the dental school only used digital X-rays in the beginning of 2012, 

students and professors did not have enough time to teach and practice interpretations of 

digital radiographs.  In other words, the digital data should be collected from the most 

current two years (or eight semesters) and compared to the previous two years (or eight 

semesters), of the conventional radiographs. 

However, the best future study might be conducted using 100 third-year dental 

students to evaluate 50 conventional images and 50 digital images from the same patients 

and with the same views.  The 100 views could be mixed together without indicating 

which are conventional and which are digital.  These 100 students could be the control 

group; results could be collected and stored using a score sheet, table or chart with short 

questions and short answers.  The images should include identifiable anatomy, caries, 
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periodontal disease, calculus, and pathology.  Based on the results of these randomized 

images and scores using the same views and using the same students as the control, it will 

be easier to answer the question regarding which type of X-ray is superior.  In addition, 

this new study could be modified to include a variety of faculty to see if there is a 

difference in student scores based on which faculty were their teachers. 

Another helpful study may also be extended to test which is better: 2-dimensional 

(2D) digital images or 3-dimentional (3D) Cone-Beamed Computed Tomography 

(CBCT).  This study would be similar to the above study but this time would be 

comparing digital 2-D images to digital 3-D images using 100 students and a group of 

participating faculty.  Students would have to have instructions in 3-D imaging and basic 

interpretation skills and would have used this technique in clinic before they would be 

proficient enough to take a competency exam.  Because of the introduction of 3-D as the 

newest and latest technology in healthcare, this study will be helpful to for institutions to 

come to their own conclusions regarding the advancement of new tools. 
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