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ABSTRACT
Objective: To assess the quality of digital intraoral periapical radiographs by investigating the percentage of radiographic
images that satisﬁed the good quality standards.
Study Design: An audit.
Place and Duration of Study: Undergraduate Dental Clinics, Qassim University College of Dentistry, Saudi Arabia, from
April to September 2018.
Methodology: This standard-based audit was conducted at the clinics of undergraduate dental school. A total of 506
intraoral periapical radiographs taken by dental students were graded, according to the standards set by Health Protection
Agency, by two evaluators after the necessary calibration to reduce the inter-evaluator diﬀerences. In addition to the grading
of radiographs, the documentation of errors like coning oﬀ, foreshortening/elongation, contact overlap, poor contrast, and
image blurring was done. The data analysis was carried out with Microsoft excel software by utilising simple descriptive
statistics.
Results: Out of the 506 digital periapical radiographs, 231 (45.7%) radiographs were categorised as Grade 1, 190 (37.6%)
radiographs were categorised as Grade 2, and 85 (16.7%) radiographs were categorised as Grade 3, requiring a repeat radiograph; and were diagnostically unacceptable. Considering the aforementioned results, the ﬁndings of the ﬁrst cycle fell short
of the required standards.
Conclusion: According to the results of the quality assurance audit, the radiographs were below the standards set by the
Health Protection Agency. Recommendations were made for improvement measures in the radiology department, and reaudit was planned after one year.
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INTRODUCTION
The radiographic examination is the cornerstone of oral diagnosis and treatment planning. Nevertheless, even the
minimal dose of ionizing radiation carries the potential risk of
1
causing unavoidable stochastic eﬀects. Therefore, it is important to justify the prescription of each radiograph for
1
preventing the harmful eﬀects of radiations.
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The ‘Ionizing Radiation (Medical Exposure) Regulations’2 and
‘Ionizing Radiation Regulations 1999,3 underscore the signiﬁcance of introducing the quality assurance (QA) programmes in
clinics. QA is imperative for achieving and maintaining good
dental practice. Moreover, QA saves time, cost, and ensures
radiation protection for the patients by reducing unnecessary
radiation exposure because of repeat radiographs.4,5 The three
constitutional pillars of radiation protection are: (a) justiﬁcation, (b) dose optimisation, and (c) dose limitation. Hence, the
goal of radiographic examination should be to accomplish diagnostic eﬃcacy, while keeping the radiation exposure to the
patients and healthcare professionals, as low as reasonably
practicable (ALARP).6,7 Institutive actions to accomplish this
include utilisation of rectangular collimation with the provision
of lead aprons for the patients and to conduct the regular radiographic audit.8,9 The radiographic audit is a quality improvement mechanism that aims to enhance patient care and
outcome by systematically reviewing the radiographs taken at
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practice and comparing them with the standard criteria.10
Considering this, the current radiographic audit will help in localising the areas where the action is required followed by the
implementation of change.10 Moreover, the audit intends to
ensure that dental practitioners at the clinics consistently
achieve acceptable oral radiographs, with adequate diagnostic
information.11
The aim of this study was to assess the quality of digital intraoral
periapical radiographs (IOPA) by investigating the percentage
of radiographic images that satisﬁed the good quality standards, and identify the most common errors of IOPA radiographs.

METHODOLOGY

Table I: The grading system set by the Health Protection Agency (HPA).12
Rating

The ﬁrst cycle of the radiographic audit was conducted at the
Dental Clinics of Undergraduate Dental College, Saudi Arabia.
The approval was acquired from the Ethics Committee of
Qassim University College of Dentistry (ST/50/2018). The
digital intraoral periapical radiographs were obtained by using
Sizes 1 and 2 phosphor storage plate (PSP) sensors (Soredex™
Digora™ Optime). Both the bisecting angle and paralleling techniques were utilised. The receptor holders (Dentsply- Rinn
Corp) were used in the paralleling technique. The quality of the
radiographs was assessed by using the grading system developed by the Health Protection Agency (HPA) (Table I).12 The periapical radiographs that provided a sharp image of the crowns,
roots, and 3mm periapical area of the tooth in question and at
least one tooth on either side of it were classiﬁed as Grade 1.
Moreover, the radiographic errors in the intraoral periapical
radiographs were noted. The present standards at the undergraduate dental clinics were compared with the standards set by
HPA.1 Subsequently, for improving the current quality standards of periapical radiographs, recommendations were given.

Figure 1: Bar chart exhibiting the frequency of individual errors noted in
digital periapical radiographs categorised as of Grade 2 or Grade 3.

The 506 digital periapical radiographs that were taken over six
months, from April to September 2018, were included in the
current audit. Conversely, the IOPA radiographs taken before
April 2018 were excluded from the study. To eliminate inter-evaluator bias, evaluators’ calibration was done. Initially, 15
IOPA radiographs that were not included in the audit were jointly
assessed by two evaluators, both with clinical experience of
more than ﬁve years. These evaluators graded each ﬁlm
according to the grading system developed by HPA.12 The
1340

'visible target area' meant whether or not the radiographs
exhibited the complete tooth in addition to minimal 2 mm area
beyond the tooth apex; inability to fulﬁl this condition would
require the radiograph retake. Subsequently, after calibration,
the assessment of the data was accomplished by both evaluators independently by using a standardised form. In addition to
the grading of radiographs, the documentation of errors like
coning oﬀ/image cut, foreshortening/elongation, contact
overlap, poor contrast, and image blurring was done. Moreover,
the labelling and ﬁling of the images were also noted. The data
analysis was carried out with Microsoft excel software by utilising simple descriptive statistics.

1
2
3

Quality control

Target

Excellent- no errors of processing or
positioning or exposure
Acceptable- some processing errors,
exposure or positioning but which still
allow diagnostic information to be
obtained
Unacceptable- errors render the ﬁlm
diagnostically useless

Not less than
70%
Not greater
than 20%
Not greater
than 10%

Table II: Results of the ﬁrst cycle of data collection for the digital radiographs, as compared to the target percentages.
Percentage % (n)

Grading

HPA standard

Grade 1

Not less than 70%

45.7%

Grade 2

Not more than 20%

37.6%

Grade 3

Not more than 10%

16.7%

Digital intraoral periapical
radiographs

RESULTS
A total of 506 digital intraoral periapical radiographs were
assessed. All the radiographs were stored in correct digital ﬁles
of the respective patients. Out of the 506 periapical radiographs, 231 (45.7%) IOPA radiographs were categorised as
Grade 1, 190 (37.6%) IOPA radiographs were categorised as
Grade 2 and 85 (16.7%) IOPA radiographs were categorised as
Grade 3 (Table II). Grade 3 radiographs had unacceptable errors
that render the ﬁlms diagnostically unacceptable. Hence,
requiring repeat radiograph. Collectively, 345 radiographic
errors were noted in the 54.3% IOPA radiographs (Grade 2 and
3). The most common (49.3%) radiographic error was coning
oﬀ/image cut. The second most frequent error (27.5%) was
image elongation. On the other hand, the least common error
(1.4%) was the blurring of the radiographic images. Figure 1 is
depicting the frequency of various radiographic errors in the
digital IOPA radiographs.

DISCUSSION
The results of the clinical audit suggested that the quality of
PSP IOPA digital radiographs taken by the undergraduate
dental students fell below the standard set by HPA12 and
improvement is needed to yield the highest quality of the information in intraoral periapical radiographs. More than half of
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the IOPA radiographs taken were categorised as Grade 2 and
Grade 3. HPA guidelines state that Grade 3 radiographs should
not be more than 10%. However, 16.7% IOPA radiographs in
the current audit were classiﬁed as Grade 3 that was outside
the HPA guideline target. The outcome of the current audit was
13
comparable with the ﬁndings of Salami and colleagues,
where 14% of the radiographs were categorised as Grade 3. On
the other hand, the studies conducted on the Canadian dental
hygiene students14 and undergraduate dental students in
15
America reported that 0.8% and 1.1% of PSP digital IOPA
radiographs were repeated, respectively. The information
obtained from the current audit highlights the need for further
training to enable the students to eﬀectively use the PSP digital
imaging technique. Videos demonstrating the particular techniques and tips can be used for improving the fundamental
15
skills of radiography.

acceptable outcome. To produce a radiographic image that is
diagnostically acceptable, the exposure should be set at 60-70
kV for intraoral radiographs.21 Exposure settings that have
been set higher than the required level produce a darker image
while a lower setting creates a paler image. Overexposed
digital IOPA can usually be corrected with software enhancements.21 Therefore, students should be able to independently
operate the viewer software for image modiﬁcation. This will
also prevent unnecessary repeat radiographs. All the radiographs were stored to the correct patient ﬁle in this study. The
major focus in oral radiography is on the teaching of the correct
technique. However, the radiograph taken with the perfect
positioning and exposure is useless and needs to be repeated,
22
if it is misﬁled or mislabelled. Therefore, the dental team
members have to play their part to ensure a high clinical standard in oral radiography.

The most prevalent radiographic error at 49.3% was associated with the positioning error of tube head that led to coning
oﬀ on the IOPA radiographic images. The ﬁnding was in
contrast with the results reported by Senior et al.15 where 14%
of the PSP IOPA imaging errors were attributed to the coning
oﬀ. Next, the image foreshortening/elongation and contact
overlapping were collectively accounted for 37.7% errors,
which were the result of incorrect vertical and horizontal beam
angulation, respectively. Conversely, the previous study16
reported the prevalence of errors due to incorrect vertical and
horizontal beam angulation at 26%. Moreover, 1.4% of the
errors occurred as a result of the subjects’ movement during
exposure of x-rays resulting in the blurring of the image. Consequently, the diagnostic utility of the radiograph was aﬀected
because of the inability to assess the important anatomical
structures. Alternatively, in a study by Hasan and colleagues,17
blurring accounted for 5.2% of the radiographic errors. Various
preceding IOPA radiographic audits had noted the similar
ﬁndings that were attributed to the incorrect x-ray tube,
patient, or ﬁlm positioning.13,18 The relatively high percentage
of the radiographic errors in the present audit might be
because the theoretical knowledge and practical demonstrations are delivered in the second academic year; whereas, the
students start clinics in the third academic year. Thus, it is of
signiﬁcant importance to conduct the refresher training for
students in a variety of IOPA radiographic techniques19
(bisecting angle technique and paralleling technique) at the
commencement of the third academic year. Likewise, the
students should be optimally trained and constantly reminded
to use the beam aiming devices and ﬁlm holder for proper positioning of sensors.13 Rushton and Horner20 noted signiﬁcant
improvement in the quality of IOPA radiographs in the second
audit cycle after the introduction of ﬁlm holders.

Later, for closing the audit loupe, the reasons for radiographic
errors were noted. The outcome of the audit was presented to
the Department of Oral Radiology and the following recommendations were made to the College Council. Firstly, the routine
utilisation of the sensor holders should be reinforced with the
paralleling technique, and students should be properly
educated in the bisecting angle technique. Next, the students
should be optimally trained, in selecting the exposure time and
communicating the clear instructions to be followed by the
patients during the exposure of radiographs. Subsequently,
this will make the students competent in radiological practices
and protection. Moreover, the digital approval of the IOPA
radiographs by the instructors before taking radiographs
should be reinforced. Lastly, periodic re-audit should be
conducted after a year to see whether the implemented
changes have yielded desired results.

Another fault noted in the radiographs was an error in exposure
that resulted in poor contrast. Poor contrast was attributed to
the exposure being set on too high or too low. Digital radiographs require speciﬁc exposure settings for each arch and
tooth type. These instructions are needed to be followed for an

CONCLUSION
According to the results of the quality assurance audit, the
IOPA radiographs fell short of standards set by HPA. The issue
requires immediate attention to prevent unnecessary radiation exposure for the patients and staﬀ members as a result of
retakes. Strict measures should be implemented to help reach
the required standards. The dissemination of the audit results
will help raise the awareness of quality issues. However, to see
the extent of improvement, the second audit will be carried out
in one year after the necessary measures for improvement
have been implemented.
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