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Repeat analysis of intraoral digital imaging performed by undergraduate students using
a complementary metal oxide semiconductor sensor: An institutional case study
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ABSTRACT

Purpose: This study was performed to quantify the repeat rate of imaging acquisitions based on different clinical
examinations, and to assess the prevalence of error types in intraoral bitewing and periapical imaging using a digital
complementary metal-oxide-semiconductor (CMOS) intraoral sensor.

Materials and Methods: A total of 8,030 intraoral images were retrospectively collected from 3 groups of under-
graduate clinical dental students. The type of examination, stage of the procedure, and reasons for repetition were
analysed and recorded. The repeat rate was calculated as the total number of repeated images divided by the total
number of examinations. The weighted Cohen’s kappa for inter- and intra-observer agreement was used after
calibration and prior to image analysis.

Results: The overall repeat rate on intraoral periapical images was 34.4%. A total of 1,978 repeated periapical
images were from endodontic assessment, which included working length estimation (WLE), trial gutta-percha (tGP),
obturation, and removal of gutta-percha (rGP). In the endodontic imaging, the highest repeat rate was from WLE
(51.9%) followed by tGP (48.5%), obturation (42.2%), and rGP (35.6%). In bitewing images, the repeat rate was
15.1% and poor angulation was identified as the most common cause of error. A substantial level of intra- and inter-
observer agreement was achieved.

Conclusion: The repeat rates in this study were relatively high, especially for certain clinical procedures, warranting
training in optimization techniques and radiation protection. Repeat analysis should be performed from time to time
to enhance quality assurance and hence deliver high-quality health services to patients. (Imaging Sci Dent 2017;

47: 233-9)

KEY WORDS: Radiography, Dental, Digital; Radiographic Image Enhancement

Introduction

Rejects, deletions, and the subsequent repeat taking of
diagnostic X-ray images impose professional and ethical
challenges within radiological imaging. Such activities
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take up additional, often unnecessary, processing and per-
sonnel resources,'™ waste medical resources for quality
assurance of the institution,"” and indicate suboptimal
quality management.é’8 Hence, decreasing the taking of
repeat images is crucial to reduce patients’ X-ray expo-
sure and inconvenience.’

Repeat image analysis is one of the major quality im-
provement tools used in imaging departments, which
is still carried out despite advances in technology.7 The
repeat rate is frequently used as the indicator for repeat
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analysis, and is calculated as the ratio of the number of
repeat images to the total number of images taken.'® It is
usually up to the practitioners performing the examina-
tions to decide which images to repeat.'” Repeat analysis
involves the calculation of the number of repeat images
and thus can only be conducted after the number of repeat
images is confirmed.

In traditional film-based systems, the reject/deletion/
repeat rate was reported to be within the range of 10-
15%.">" Following digitization of radiography, the reject/
deletion/repeat rate of X-ray images can be expected to be
reduced since the latitude of a direct sensor is usually wid-
er than an X-ray film. A series of studies has found that
the reject/deletion/repeat rate in digital systems is around
5% %1213 However, some studies on digital radiogra-
phy have still exhibited some degree of reject/deletion/
repeat, with the rate ranging between 8% and 12%°° A
more recent study unveiled a significant reduction of the
repeat rate from 4.89% to 3.57% 6 months after a list of
guidelines was introduced."*

The use of digital sensors, such as complementary met-
al-oxide-semiconductors (CMOSs) or charge-coupled
devices (CCDs), can substantially help in reducing the ra-
diation dose absorbed by patients.]5 Although the indirect
type of digital sensor, such as the photostimulable phos-
phor (PSP), is an alternative in digital systems, it does
not outperform CMOSs and CCDs in terms of percentage
of correct assessment due to contrast and spatial resolu-
tion,'®"” reliable images for root canal working length
estimation,'® and its performance when coupled with au-
tomatic exposure compensation.19 However, PSPs are
preferable in academic institutions, where the monitoring
of image repetition is more vigorous compared to CMOS
and CCD types.

Consistent analysis of the retaken images would aid in
finding the factors causing the repeat taking, which would
be useful for designing guidelines to reduce the repeat
rate.'* In film-based radiography, the reason for repeat im-
ages often relates to an incorrect exposure due to the lim-
ited dynamic range of the screen/film systems;' however,
in digital systems, the most frequently observed factors
are related to the lack of operator skills, particularly with
regard to patient positioning and proper equipment oper-
ation.”**? In certain circumstances, the repeat rate can be
difficult to control, such as in relation to patient variabili-
ty, equipment quality, and workplace culture.* Repeat ra-
diographs are responsible for the majority of ‘unnecessary’
patient irradiation dosing, and repeating films for ‘avoid-
able reasons’ should therefore be minimized in order to

encourage good radiographic practice.**”' This study was

performed to quantify the repeat rate of imaging acqui-
sitions based on different clinical examinations, and to
assess the prevalence of error types in intraoral bitewing
and periapical imaging using the digital CMOS intraoral
Sensor.

Materials and Methods

Study design

This current work was a retrospective cross-sectional
case study collecting and assessing intraoral radiograph-
ic images from records archived within the Diagnostic
Imaging Unit, Faculty of Dentistry, Universiti Teknologi
MARA (UiTM) over a 6-month period from January 2016
until June 2016. All students had completed 49 (25 lecture
and 24 practical session) hours of face-to-face compre-
hensive didactic module series on Oral and Maxillofacial
Radiology. This involved topics ranging from radiation
physics and protection to the techniques and interpreta-
tion of diagnostic images taught before and during the
clinical years. Ethics approval was obtained from UiTM
Research Ethics Committee under reference number 600-
IRMI (5/1/6).

Sensors

The CMOS sensor (EzSensor, pixel size 35 pm, Vatech,
Hwaseong, Korea) coupled to an intraoral machine (Satel-
ec X-Mind AC/DC, Satelec ACTEON Tuusula, Finland)
was used in this study. All digital radiographic examina-
tions were automatically registered by the system. The
acquisition was performed by the undergraduate clinical
dental students. Only images acquired by the undergradu-
ate clinical dental students were included in the sampling.
The system prohibited image deletion and did not allow
for any image manipulation except for modification of
contrasts.

Data collection

The images were collected and evaluated on EasyDent
V40O viewer software version 4.1.4.5 (Vatech, Hwaseong,
Korea) (Fig. 1). All periapical and bitewing images per-
formed between January and June 2016 were retrieved
from radiology workstations. The total numbers of repeat
and non-repeat images were each summed. Repeat im-
ages were segregated from non-repeats by distinguishing
repetition patterns that did not contribute to the diagnos-
tic information nor to correcting faulty images. The total
number of repeat images represented the numerator while
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the summation of the total images taken was used as the
denominator to calculate the repeat rate. Multiple entry
images were excluded for assessment in this study.

Image segregation

Prior the data collection, 2 raters were calibrated by an
endodontist and dental pediatric specialist for image cat-
egory and repetition decision. Thirty images were select-
ed and projected from a computer to a 42-inch television
screen in a room with fixed ambient lights. Both spe-
cialists and raters performed the calibration in the same
setting but on separate occasions; 2 times separated by a
3-week interval. The inter- and intra-rater reliability were
then determined.

The periapical and bitewing images were further clus-
tered based on endodontic and caries/periodontal diag-
noses, respectively. In the endodontic images, the per-
centage of repeated images was measured according to
the stages of every procedure: working length estimation
(WLE), trial gutta-percha (tGP), obturation, and removal
of gutta-percha (rGP). In general, the reasons for repeti-
tion were determined prior to data collection as operator,
technical/machine, and patient error. Improper angulation
and evidence of removable artifacts were categorized as
operator errors. Technical/machine errors were character-
ized by image blurring and the presence of artifacts that
could not be explained by either operator or patient error.
Should patients move during the radiographic acquisition,
the resulting errors would be considered patient errors.
This assessment was made with the understanding that the
patients had been properly advised on pre-operative pro-
cedures by the operator prior to acquisition. In addition,
the current study excluded radiographic images obtained
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Fig. 1. A. Images taken on first ex-
amination. B. Repeat due to inade-
quate clearance of periapical lesion
on endodontically-treated tooth.

from special needs patients, that is, those who presented
any type of disability—physical, sensory-motor, or men-
tal, as well as those who were medically compromised.
These exclusions eliminated bias due to patient error, spe-
cifically from the inability part of the patient to properly
bite on the bite block of the radiographic holder device.
Any repetitions detected with no specific reasons were
classified as unknown, for instance, in the case when the
first obtained image was diagnostically acceptable or cor-
rect but the operator still repeated the radiographic acqui-
sition.

Data analysis

The data and the implied reasons for the image repeats
were recorded using Microsoft Excel 2010. The repeat
rates were calculated using the following formula: Num-
ber of repeat images / Total number of images taken x
100%

The repeat rate for each reason for repetition was ob-
tained by dividing the number of repeated images due to
a given reason by the total number of images acquired.
Both intra- and inter-rater reliability tests were performed
by 2 dental students who had been calibrated to intraoral
image examination and diagnosis. Prior to data collection
and analysis, the examiners were calibrated with a field
expert on the categories of repeat evidence of an image. A
weighted Cohen’s kappa coefficient was used to measure
the inter-rater agreement. Should the 2 raters not agree,
the third rater was to be involved in the final consensus.
Data were statistically analyzed using the y* test with
Yates’s continuity correction to determine differences be-
tween 2 groups (Years 3 and 4). Year 5 was not compared
due to its substantial difference with regard to module
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content. Significance was attributed to P values less than
.05. The weighted Cohen’s kappa was calculated using R
Studio version 1.0.136 (R Studio Inc. Boston MA, USA).

Results

During the 6-month period, a total of 8,030 digital ra-
diographic images were taken (Table 1). This included
5,746 periapical and 2,284 bitewing radiographs. There
were 30 error images assumed to be due to multiple entry
of the same image.

The overall repeat rate focusing on procedures involv-
ing intraoral periapical images was about 54.4%. With-
in this, WLE caused the highest repeat rate, which was
51.9%, followed by tGP (48.5%) and obturation (42.2%).
The procedure of rGP had the lowest repeat rate of 35.6%
(Fig. 2). In the bitewing images, the repeat rate was
15.1%. Operator error was the main cause of radiographic
images taken repeatedly by students, accounting for about
56.7% of all errors. Upon closer scrutiny, positioning and
angulation were identified as the most common reasons
for repetition due to operator error. Among the origins of
errors, technical/machine errors were least common, at
only 1.5%.

The percentage repeat rate of images by students’ year
in school (Fig. 2) revealed that the highest repeat rate
(28.2%) was attributed to year 3 clinical students, follow-
ed by 20.7% for year 5 and 12.9% for year 4. The differ-
ence between year 3 and year 4 was statistically signif-
icant (P<.05). Year 3 clinical students had the highest
repeat rate and year 4 students the lowest.

Thirty images were used to test the inter-rater agree-
ment between 2 raters in determining the number of im-
ages repeated and type of X-ray images taken. Using a
weighted Cohen’s kappa coefficient, the level of agree-
ment was almost perfect, with the k value ranging from
0.89 to 0.98. Calibration done with field experts also re-
vealed an almost perfect level of agreement with a k val-
ue of 0.98, except in determining the number of images
repeated, which exhibited a moderate level of agreement
with a k value of 0.54. These reliability values were de-
rived from CMOS produced images.

Discussion

There is an extensive literature reporting on repeat/
reject analysis in medical imaging performed by trained
radiographers and/or radiologists, in which the repeat
rate has typically ranged between 5% and 12%.°77"

Table 1. Number of images and repeat images taken in a 6-month
period

Total Number of

Examinations Repeat Images Images Taken
Intraoral bitewing 345 2,284
Intraoral periapical 1,978 5,746

Pre and/or post-operative 766 2,728
Caries diagnostic 72 572
WLE 516 994
tGP 315 649
Obturation 147 349
rGP 162 454

WLE, working length estimation; tGP, trial gutta-percha; rGP, removal of
gutta-percha
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Fig. 2. Percentages of repeat rates of intraoral images according to
procedure and student year in dental school.

However in our study, the focus group was undergraduate
students still undergoing their training, with a particular
focus on dental imaging. Therefore, the high rate of re-
peats, such as 51.9% in working length estimation during
endodontic procedures, warrants careful scrutiny and in-
terpretation. This high incidence of repeats could be due
to a lack of radiation protection knowledge as well as
limited technical skills among the undergraduates at this
early stage of their training. Although these observations
are commonly identified as a cause of concern amongst
undergraduate students, these issues may be remedied
by exposure to the necessary knowledge and experience
throughout the progress of clinical practice. Furthermore,
radiographic working length estimation required a special
technique to visualize at least 2 parallel roots using the
horizontal tube shift technique, commonly referred to as
Clark’s technique.”” This technique employed the prin-
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Table 2. Reasons for repetition for each examination type in the fifth year student group

. Endodontic examinations (%)
Reasons for repetition L. i
Periapical radiograph

Caries diagnostic (%)

Bitewing radiograph Periapical radiograph

Positioning error 25(174/698)
Technical error 0.1 (1/698)
Patient error -
Unidentified* 1.1(8/698)

19.5(42/215) 20 (74/368)
- 1.4(5/368)
12.1(26/215) 2.8(8/368)

1.9(4/215) 7.6 (28/368)

ciple of parallax using the same-lingual opposite-buccal
(SLOB) rule to delineate the spatial relationships of an
object. In our study, we found that the repeat rate was
reduced with an increase in experience of the person-
nel taking the intraoral radiographs. This was evident
where within a stint of one year, there was an improved
repeat rate (from year 3 to 4). The clinical requirements
for year 4 were similar to its predecessor, where the only
difference was an increased number of cases. The high-
est repeat rate (28.2%) was seen with third-year clinical
students, followed by fifth-year (20.7%) and fourth-year
(12.9%) students. The slight increment of value in year 5
was likely due to the introduction of a molar endodontic
module in the course taken. This was also a reason why
we did not statistically compare the fifth-year student
group to the other groups.

The repeat rate with the use of CMOS sensors is tho
ught to be primarily caused by insufficient knowledge
of radiation protection among the supervisors from dif-
ferent specialties. Although the exposure from dental
X-rays is considered negligible in terms of risk, it is not
best practice to allow multiple radiographic examinations
to be performed on the same person. This is in line with
the ALARA (as low as reasonably achievable) concept
for producing diagnostic images with minimal radiation
exposure. According to the linear-no-threshold model,
even the smallest radiation dose may initiate carcinogen-
esis.”** Further exploration is recommended to survey
the knowledge and attitudes of local dental practitioners
towards quality care in radiography and radiation protec-
tion.

This analysis has provided the department with valuable
insights into why the students encounter difficulty when
performing radiography for certain examinations. As de-

. . . 1125
scribed in other studies,

the repeat rate is specific to
the examination type. From our study, it was notable that
the students may have retaken a considerable number of
X-rays without adequate justification. Upon unofficial
interviews with some students, it was revealed that the

students likely had problems in performing digital radi-

ography in terms of choosing the right holder device, or
deciding whether to use the holder or not and/or difficulty
in properly placing the sensor inside the patient’s mouth.

Positioning errors have been recognized as the main
reason for the taking of repeats in both endodontic exam-
ination and caries diagnosis (Table 2). Published studies
of the reject/retake/repeat process in medical digital imag-
ing reported this particular type of error as the main rea-
son 0142627 pop instance, in caries diagnosis, students
appeared to encounter difficulties in positioning the sen-
sor for both periapical and bitewing examinations. Vari-
ous established studies have stated that the rejection rate
is known to depend on the patient selection, the type of
examination performed, the equipment used, how the re-
jects are registered, and the skills of the person perform-
ing the radiography.*®"'*"*** In our study, positioning
errors were the main reason for the repetition during end-
odontic examinations and taking bitewings. This outcome
was largely anticipated since students often have trouble
using the specialized radiographic techniques in endodon-
tic procedures, such as the use of the EndoRay” holder
while taking an X-ray. Furthermore, this study hints that
the students lacked a full appreciation and understanding
of oral cavity morphology needed to be able to place the
digital sensor properly. This finding suggests highlight-
ing oral anatomy and the hands-on practical components
of X-ray taking in the dental school teaching syllabus.
With digital radiography, errors such as scratches on films,
whether poorly developed or fixed, were completely elimi-
nated.’

In certain circumstances, factors due to patients might
be the main cause of repetition, such as a patient with a
shallow floor of the mouth, a low palatal vault, severe gag
reflex, or young age. In this study, the students exhibited
the highest repeat rate when taking bitewings. This may
be due to the stiffness and solid state of the CMOS sensor
and the limited number of sizes available to provide suf-
ficient choice of sensor based on the patient’s oral condi-
tion. In a study of bitewing examinations comparing sen-
sors and films, 76% of patients reported that the sensor
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was more unpleasant than the film, while 15% reported
that they were similar.” In a questionnaire study, pediat-
ric dentists reported that the sensors were less accepted
by young children compared to a phosphor plate.”

Repeat/rejects are not eliminated with the introduction
of digital radiography, but their causes change significant-
ly.4 For instance, to obtain the conventional film in most
dental schools, students need to request it from the clin-
ical supervisor and its issuance is recorded. Digital radi-
ography, on the other hand, is within the operator’s scope
of control and, therefore, subject to their own personal
judgment. Repeat X-rays have been perceived as reckless
behavior that lead to unnecessary radiation dosage for
patients and operators. One study has reported that with
advances in digital radiography technology, students need
to be cautious not to develop a complacent attitude or be-
come overconfident.’

Reject/repeat analysis has been an important quality
indicator for many years in assessing good practice in
radiology.“’m’l2’13’25’27’28 It is well accepted as an import-
ant tool in localizing the areas where optimization is re-
quired, and can be used as a basis for training and educa-
tion.” Nevertheless, these quantitative analyses provide
no information on the diagnostic quality of the rejected
images. In conclusion, after analyzing the repeat image
rate, deficiencies in the X-ray taking skills of students
were identified as the main factor causing the high repeat
rate. Students mostly exhibited difficulties in performing
periapical radiographs specifically for the parallax tech-
nique. Positioning errors (including the patient, films, and
cone-beam angulation) accounted for 22.6% of all repeti-
tions. These results offer great insights for management,
training, education, and quality improvement. Possible
solutions for reducing the taking of repeat images are to
provide training courses for the less experienced with an
aim to increase their professional knowledge and commu-
nication skills, as well as to better analyze the operation
workflow.?'** Future studies should propose protocol
guidelines in the radiology unit for reducing the image re-
take rate.

We have observed many direct benefits of implement-
ing digital radiography in our institution, such as a re-
duction in film cost, which provides economic benefits
and an improved workflow, as well as improved working
time management within the students’ clinical perfor-
mance and patient management. In addition, the capabili-
ty for more rapid retrieval of X-ray images has improved
communication between the students and lecturers. This
finding is supported by focus group studies of dental stu-

dents, where it was determined that they saved more time
when using a CCD sensor over a PSP plate system in
connection with root canal treatment.” A study by pediat-
ric dentists also reported that an image could be obtained
faster with sensors compared to a phosphor plate.30 One
systematic review concluded that a reasonable amount of
working time could be saved when switching from film
to digital imaging in dental pmctice.34 On the other hand,
few studies have reported that dentists working with dig-
ital receptors took more images and or more retakes than
dentists working with film.*~

The findings of this study have allowed us to develop
some recommendations that could be implemented with-
in the teaching system, namely: 1) Since digital systems
are becoming more convenient and require less monitor-
ing, students should be encouraged to show radiographic
image(s) to their clinical supervisors for comments pri-
or to deciding alone on the value of the image that has
been taken; 2) The clinical supervisors should do random
checks on unverified images at the student’s workstations
to ensure minimal repeats are performed. This would
avoid the students developing a complacent attitude and
becoming overconfident from the use of such advanced
technology;7 3) It would be useful to introduce reject/re-
peat tracking software in the digital radiography system,
in which the student would need to specify the reason for
the rejection/repetition before proceeding to another re-
take of an image. In conclusion, repeat analysis offers a
method of quality assurance which can help in assessing
the quality of the image, optimize examination protocols,
identify students’ education and training needs, and track
patient radiation exposure. The moderately high repeat
rate observed in this study warrants revisiting the fun-
damental training in techniques and radiation protection
among undergraduate dental students. Students need to
understand the radiation dosage delivered to the patient
while taking into consideration the extent of repetition of
X-ray images that have been taken. Repeat analysis also
provides a valuable tool for calculating the radiation dos-
age delivered to patients.
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