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Aim: The aim of this study is to determine the effects of working days and
hours on panoramic and periapical radiographic errors and investigate the
association between patient-induced cephalometric radiographic errors
and skeletal malocclusions.
Methodology: Obtained from archives of Manisa Dental Health Center,
1402 periapical, 1329 panoramic, and 309 cephalometric radiographs were
investigated retrospectively between January-June 2018, and the
radiographic errors were determined. Periapical, panoramic, and total
errors were grouped according to the number of radiographs, day intensity,
and acquisition date and time for each day. Cephalometric radiographs
were not included to determine the effects of working hours and days on
radiographic errors since the radiographs were taken over the weekend.
Patient-induced cephalometric radiographic errors were investigated
under the classification of skeletal malocclusions. The independent sample
t-test was used to investigate the average range difference between two
independent groups for normally distributed variables. However, in
situations where the assumption of normality was not met, the MannWhitney U test was performed.
Results: Total errors were mostly detected on Tuesday (p=0.035). Errors
of panoramic and periapical radiographs acquired in the afternoon were
higher than those of the radiographs acquired before noon only on Monday
(p=0.024, p=0.035). The most common errors observed in periapical
radiographs were the positioning errors (23.9%) and cone cut (17.3%),
respectively. The most common errors observed in panoramic radiographs
were chin tipped high (17.00%), and head turned to one side (9.9%),
respectively. Among Class I, II, and III malocclusions, open lips were
observed as the most frequent cephalometric radiographic errors (28.6,
15.4, and 16.1%, respectively).
Conclusion: The percentage of radiographic errors increases with the
intense workload. An anatomical structure may lead to patient-induced
cephalometric radiographic errors.
Keywords: dental radiography, diagnostic imaging, radiographic error,
Monday syndrome
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Introduction
Conventional radiographic imaging methods used
in dentistry, such as periapical, panoramic, and
cephalometric radiographs, are important modalities
for accurate diagnosis and quality treatment planning
(1-3). Additionally, the routine use of dental
tomography has also become widespread in dentistry.
The radiation dose of a cone-beam computed
tomography (CBCT) is significantly higher than the
traditional dental radiography techniques (4). CBCT
should not be routinely used to detect caries,
periodontal diseases, and periapical pathology, and
with the aim of routine orthodontic diagnosis (5, 6).
Thus, the clinical use of conventional methods is still
of great importance. Based on the literature, there are
many studies investigating the frequency and types of
errors in panoramic and periapical radiographs (7-9).
However, the number of studies investigating
cephalometric radiographic errors is limited (10).
In various studies, such human activities as work
efficiency or labor productivity (11), rate of injuries
(12), job satisfaction (13), and well-being (14, 15) have
been reported to vary depending on the time of day and
day of the week. Despite the findings in these studies,
the frequency of radiographic errors has yet to be
investigated based on the time and days. We believe
that working days and labor intensity may have an
impact on radiologic error rates. Thus, the present
study aimed to prove the hypothesis of “working days
and hours have effects on panoramic and periapical
positioning radiographic errors” and to examine the
relationship between patient-induced cephalometric
radiographic errors and the classification of skeletal
malocclusion.

Materials and Methods
Study design and participants
This study was retrospectively performed using
1402 periapical and 1329 panoramic radiographs to
determine the effects of working hours and days on
panoramic and periapical positioning radiographic
errors and to examine the relationship between the
patient-induced cephalometric errors (totally 309
cephalometric
radiographs)
and the
skeletal
malocclusion classification obtained from the hospital
records of Manisa Dental Health Center between
January 2018 and June 2018 taken by a radiology
technician. Approval was obtained from the ethics
committee of the Uşak University, Faculty of Medicine
(Approval number: 2020/59-01-12). All panoramic
images were taken with the digital panoramic device
(Planmeca, Helsinki, Finland). The periapical digital
images were performed with the periapical radiography
device (Ritter, Leadex 70DC X-ray 0313, Australia)
using a dental phosphor plate sensor (Digora Optime,
Soredex, Helsinki, Finland). All cephalometric images
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were taken with the digital cephalometric device (PM
2002 cc Proline, Planmeca, Helsinki, Finland). Since the
radiographs were taken over the weekend,
cephalometric radiographs were not included in the
criteria to determine the effects of working hours and
days on radiographic errors.

Determination of sample size
The sample size was calculated at a 95%
confidence interval (CI) using the program of “G.
Power-3.1.9.2”. As a result of the analysis, while the
alpha (α) was set at 0.05, the standardized effect size
was used at a middle-level ratio of 0.5 as recommended
for Cohen's z-ratio test (1988) since there was no study
performed previously in the field. The minimum sample
size was calculated as 610, regarding the theoretical
power as 0.80.

Variables and data collection
Periapical and panoramic
radiographic errors
The radiographs recorded in the system were
saved in the Joint Photographic Experts Group (JPEG)
file format. No corrections were performed for
contrast, brightness, and magnification, and no data
compression was also carried out. Panoramic and
periapical radiographs were evaluated by an
experienced specialist in oral, dental, and Maxillofacial
Radiology (SE). Periapical, panoramic errors and
descriptions of errors are shown in Table 1 (16).

Study of panoramic, periapical, and
radiographic errors
After detecting errors in panoramic and periapical
radiographs, a radiograph with at least one error was
considered faulty. For each day of the week, eight
groups were formed: The number of total radiographs,
number of total radiographic errors, number of
periapical errors, number of panoramic errors, rates of
total errors, rates of periapical radiographic errors,
rates of panoramic radiographic errors and the
acquisition time. To determine the effects of day
intensity on error rates, the number of the related
errors of the day was divided into the number of total
radiographs of that day based on the following
formulae: The rate of total errors=number of total
errors/number of total radiographs for the day; the
rate of periapical errors=number of periapical
errors/number of total radiographs for the day; the
rate of panoramic errors=number of panoramic
errors/number of total radiographs for the day. The
periapical and panoramic errors of the related days
were grouped into two groups considering the
acquisition time before noon and the afternoon.
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Table 1. Panoramic and periapical radiographic errors

Panoramic Errors

Description of errors

Cervical position-slumped

Pyramid shape opacity centered in the middle of the panoramic image.
Blurry lower root apices, the shadow of hyoid bone on the anterior

Chin-tipped low

mandible, mandible-shaped like a “V”, too much smile line.
Blurry maxillary incisors superimposed hard palate on roots, flat occlusal

Chin-tipped high

plane, broad and flat mandibula, and condyles at the edge of the film.
Anterior teeth blurry, too small and narrow, spine visible on sides of the

Patient positioned forward

film.
Anterior teeth blurry and wide, ghosting of mandible and spine, condyles

Patient positioned backward

close to the edge of the film.
Condyles with no equal appearance higher than the other, nasal structures

Head tilted to one side

distorted.
Anatomical structures (TMJ, maxillary sinuses or mandible corpus) are not

Missing image

in the panoramic image.

Failure of the position of the

A large radiolucent area in the apex of maxillary teeth.

tongue against the palate

Asymmetry of the condyles, ramus is wider on one side than the other,

Head turned to one side

uneven pattern of blurring throughout arch, nasal structures unclear

Periapical errors (projection

Description of errors

errors)

The proper vertical placement of the radiograph,

Incorrect placement errors

incorrect positioning of the receptor (film or phosphor plate)

Cone cut

Lack of exposure to X-ray in the area of the cut, incorrect incidence point

Incorrect vertical angulation

Shortened image or elongated image (incorrect vertical angulation)

Patient-induced
radiographic errors

cephalometric

Cephalometric errors were divided into four
groups: Patient-induced errors, errors arising from Xray devices, distance errors, and errors in determining
the region of interest (10). To determine the effects of
anatomic structure on the errors, only patient-induced
errors were taken into consideration (Table 2).
Cephalometric radiographs were evaluated by an
orthodontist (ST).

Study of cephalometric radiographs
Cephalometric analysis was performed using the
Dolphin package, version 11.5 (Dolphin Imaging and
Management Solutions, Los Angeles, CA, USA), and
cephalometric
patient-induced
errors
were
International Dental Research © 2021

investigated according to the classification of skeletal
malocclusions.

Intra-examiner reproducibility
The investigations and measurements of
radiographic errors were repeated twice within two
months. Every related measurement was performed by
a single examiner (ST or SE), as mentioned above. Intraexaminer calibration was carried out by repeating the
analysis of photographs after a one-month interval. The
test-retest measurements were performed to obtain
the reliability of the measurements. Accordingly, the
variability between the first and second measurements
was evaluated by the Pearson’s and Spearman’s
correlation tests. The correlation coefficients >0.70
were considered to indicate the acceptable reliability.
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Table 2. Cephalometric Errors

Cephalometric Errors

Description of the error

Forward or backward

Forward or backward positionings of the patients’ heads were evaluated based on

positioning of the head

the natural head posture.

Open mouth

The patients without any contact between their teeth were identified as openmouthed. These patients were not included in the group with open lips.
The patients with occlusal closure, but with open lips were identified as openlipped. In those with short lips or vertical excess, the lips do not touch in the

Open lip

resting position. Cephalometric radiographs should be acquired when the lips are
in the resting position. Therefore, such patients were not included in the open lip
group.
The patients having difficulty in closing lips but closing their lips by force were

Tense lip

identified as those having tense lips.

Patient positioned

Anterior teeth blurry and wide, ghosting of mandible and spine, condyles close to

backward

the edge of the film.

Head tilted to one side

Missing image

Condyles are not equal to appear higher than the other, nasal structures
distorted.
Anatomical structures. (TMJ, maxillary sinuses or mandible corpus) are not in the
panoramic image

Statistical analysis

Results

Descriptive statistics of the data are given as
mean±standard deviation (SD), frequency, and
percentage. As the first step of the analysis of
continuous data, the assumption of normality was
checked by the Shapiro Wilk test. The Independent
Sample T-test was used to investigate the average
difference of the range between two independent
groups for normally distributed variables. However, in
situations where the assumption of normality was not
met, the Mann-Whitney U test was performed.
The ANOVA test was also used to examine the
difference between the average variables with more
than two independent groups and normal distribution.
In situations where the assumption of the normal
distribution was not met, the Kruskal Wallis test was
carried out.
The chi-square analysis or z-test was utilized to
compare the proportional data. Statistical analyses of
the study findings were evaluated with the Statistical
Package for the Social Sciences software version 25.0
(IBM SPSS Inc., Armonk, NY, USA).

The test-retest measurements demonstrated that
the correlation coefficients of the radiographic
positioning errors determined by the researchers (ST
and SE) were 0.85 and 0.86, respectively, indicating a
strong correlation (p<0.000). Since the correlation
coefficient of >0.70 indicated acceptable reliability,
the measurements were considered to be reliable.

188

The effects of working days and hours
on the panoramic and periapical
radiographic errors
A total of 2.731 radiographs were investigated,
and Tuesday was detected as the busiest day of the
week (p=0.035). There was no statistically significant
difference in the number of radiographs on other days
(p=0.85). The number of total radiographs, the number
of total errors, and periapical and panoramic errors
under the days of the week are shown in Graphic 1.
The number of total radiographic errors and
periapical and panoramic errors was found to be the
highest on Tuesday (p=0.02, p=0.021, and p=0.031,
IDR — Volume 11, Number 3, 2021
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respectively) (Graphic 1). As to the intensity of the day,
the rates of total radiographic errors were also the
highest on Tuesday (p=0.026) (Graphic 2). There was no
statistically significant difference among other days in
the rates of total radiographic error when calculated
under the intensity of the day (p=0.680).
In terms of the panoramic films, when examined
according to the intensity, no statistically significant
difference was observed in the panoramic error rates
among Tuesday, Wednesday, and Friday (p= 0.266);
however, the rates were higher on these days than
those found on Monday and Thursday (p = 0.046).
Additionally, the least number and rates of panoramic
errors were found to occur on Thursday (p=0.023 and
p=0.013, respectively) (Graphic 1 and Graphic 2). Given
the periapical radiographs according to the day
intensity, no statistically significant difference was
seen in the rates of the periapical errors among
Monday, Tuesday, and Thursday (p=0.366); even so, the
rates were higher on these days than those found on
Wednesday and Friday (p=0.025). Also, there was no
significant difference in the rates of periapical errors
between Wednesday and Friday (p= 0.657) (Graphic 2).
The error rates of the panoramic and periapical
radiographs acquired afternoon were statically higher
than those of the radiographs acquired before noon
only on Monday (p=0.024 and p=0.035, respectively). In
terms of the acquisition time of panoramic and
periapical radiographs, the error rates according to the
days are shown in Graphic 3 and Graphic 4.

Periapical and panaromic radiographic
errors
Of 1.402 periapical radiographs investigated,
while 765 (54.6%) had no errors, 637 (45.4%) showed
errors (Table 3). Of 1.329 panoramic radiographs
viewed, 422 (31.75%) had no errors, whereas 907
(68.24%) were of errors (Table 4).

Radiographic errors in dentistry

Percentages
of
patient-induced
cephalometric radiographic errors
according
to
the
skeletal
malocclusions
In the cephalometric analysis, the number of
radiographs corresponding to different skeletal
anomalies was grouped as the malocclusions of Class I
(n=81) (26.2%), Class II (n=206) (66.7%), and Class III
(n=22) (7.1%). The percentages of the errors in skeletal
classification are shown in Graphic 5.
Among the Class I malocclusions, while the open
lips were observed to be the most frequent
radiographic error (28.6%), the forward-positioning of
the head was detected as the least radiographic error
(3.3%). In those with Class II and III malocclusions, the
open lips were also observed as the most frequent error
at 15.4 and 16.1%, respectively. Among the
malocclusions of Class II and III, the open mouth was
observed as the least common error (6.4 and 3.2%,
respectively).
Given that the percentages of the errors were
investigated in terms of the classification of
malocclusions: The forward-positioning of the head was
observed as 3.3, 8.4, and 12.9% in Class I, Class II, Class
III malocclusions, while the percentages of backwardpositioning of the head were found as 13.2, 12.4 and
9.7% in Class I, Class II, Class III malocclusions,
respectively. Although the percentages of open mouths
were 5.5, 6.4, and 3.2% in Classes I, II, and III, the
percentages of the open lips were observed as 28.6,
15.4, and 16.1% in Classes I, II, and III, respectively.
Besides, the percentages of tense lips were also
observed as 4.4, 8.1, and 6.5% in Class I, Class II, and
Class III, respectively.

Graphic 1. The number of radiographs and errors according to the days of the week; a, b, and c…
indicate statistically significant differences (p<0.05) between each measurement item compared.
International Dental Research © 2021
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Graphic 2. The error rates of total, panoramic and periapical radiographs according to the day intensity; a, b,
and c… indicate statistically significant differences (p<0.05) between each measurement item compared.

Graphic 3. The error rates of periapical radiographs according to the time of acquisition and days. The first
column in each day represents before noon and the second column represents the afternoon; a, b, and c
indicate statistically significant differences (p<0.05) between each measurement item compared.

Graphic 4. The error rates of panoramic radiographs according to the time of acquisition and days. The first
column in each day represents before noon and the second column represents the afternoon; a, b, and c indicate
statistically significant differences (p<0.05) between each measurement item compared.
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Graphic 5. Percentage of errors according to skeletal anomaly classification.
Table 3. Distribution of the frequency of errors under the regions, observed in periapical radiographs
Rate of Total
Errors in Each

Positioning Errors

Cone Cut

Region*
Regions

Inaccurate

Errors More

Angulation

Than One

n

%

n

%

n

%

n

%

n

%

URM

120

18.8

78

12.2

29

4.55

10

1.56

3

0.47

ULM

143

22.4

91

14.2

39

6.12

11

1.72

4

0.6

LRM

111

17.4

47

7.37

53

8.32

3

0.47

5

0.78

LFM

176

27.6

70

10.98

90

13.43

4

0.63

13

2

UC

17

2.6

10

1.56

5

0.78

2

0.31

0

0

UA

48

7.6

28

4.39

18

2.82

2

0.31

0

0

LC

11

1.7

8

1.25

3

0.47

0

0

0

0

LA

11

1.7

3

0.47

6

0.94

2

0.31

0

0

Total†

637

45.4

335

23.9

243

17.3

34

2.4

25

1.8

*The percentages of total errors are given according to the total number of periapical radiographs. †The total error rates in each
region are given according to the total error rates. The percentage of the related periapical errors in each region are given
according to the total error rates. Abbreviations: URM: Upper right molar, ULM: Upper left molar, LRM: Lower right molar, LFM:
Lower left molar, UC: Upper canine, UA: Upper anterior, LC: Lower canine, LA: Lower anterior.

Table 4. Panoramic errors
Error type

%

Chin tipped high

17.0

Head turned to one side

9.9

Chin tipped low

9.1

Patient’s head positioned too forward

8.35

Chin not on chin rest

6.9

Cervical position slumped

5.9

Errors more than one

5.9

Tongue not on the palate

2.9

Patient tilted one side

2.3
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Discussion
Due to health expenditures, high fiscal burdens on
governments’ budgets require the efficient use of
resources allocated to health services. As to healthcare
costs, cutting down countries’ budgets can be
implemented with the rational use of scarce resources.
As seen during the recent COVID-19 pandemics, health
facilities have a strong impact on operating health
services efficiently despite consuming a significant
proportion of health care spending. For this reason,
healthcare workers’ productivity is very important in
keeping the health system.
Days can have several impacts on healthcare
workers’ motivation. Therefore, it is necessary to
define some characteristics of different days (17). In a
study by Börsch. et al. a strong correlation was found
between days and error rates (18). In the study, the
researchers stated that Monday had the fewest errors;
the rate of errors increased toward Wednesdays and
then decreased again toward Fridays. Likewise, in the
present study, in terms of the intensity of days, the
number of total errors was the highest on Tuesday.
When the errors were examined in terms of the types
of radiographs, the rates of panoramic errors on
Monday were lower than those on Tuesday, Wednesday,
and Friday. In periapical radiographs, although the
error rate on Monday was higher than that on Friday
and Wednesday, there was no statistically significant
difference as to the error rate among Monday, Tuesday,
and Thursday.
The sources of motivation may differ from an
individual to another. Individual differences can lead to
different results in studies examining the impacts of
days on certain situations. Most countries generally
accept Monday as the first working day of the week,
while Friday is considered the last. As well as such
problems as the feeling of failure, low energy, and
exhaustion generally seen in professionals with busy
and stressful work life, fatigue can also reduce
workers’ productivity in work settings. So, weekends
provide employees with an opportunity to have a rest
and refresh before starting busy weekdays. However,
getting out of the weekend holiday can reduce the
motivation in working (17). A lot of studies have been
carried out on the effects of Monday, referring to such
challenges as fatigue, dizziness, chest tightness,
abdominal distension, loss of appetite, body ache,
inattention, and other symptoms when working on
Mondays (19, 20). In a study, Watson (21) proposed that
heart attack rates rise on Monday morning, an issue
called "Black Monday Syndrome". In our study, the error
rate of the periapical and panoramic radiographs
acquired only on Monday afternoon was statistically
higher. Besides, Tuesday was detected as the busiest
day, and there was no difference between the intensity
of other days and Monday. Higher error rates in the
afternoon may have been due to the effects of “Black
Monday Syndrome”. Nevertheless, we determined no
significant findings in terms of the effects of Monday or
Friday on the professionals’ motivation in our study
The individual differences in the sources of
motivation may cause the different results to be
International Dental Research © 2021
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obtained in various studies. However, the workload
may have more impact than days. In a study performed
by Barger et al. while the main reason for the
decreased productivity was shown as fatigue
experienced by employees due to the increased
working hours, the fatigue-related medical errors were
also determined to increase (22). Likewise, given the
association between the weekdays and the work
intensity in our study, Tuesday was detected as the
busiest day (p<0.05), and the rate of total errors was
observed mostly on Tuesday.
In the present study, the periapical errors were
mostly observed in the lower left molars region (27.6%),
and the most common errors observed in the periapical
radiographs were the positioning errors in 335
radiographs (23.9%), cone cut in 243 (17.3%), and
incorrect vertical angulation in 32 (2.3%). The
positioning errors were mostly observed at upper left
molars (14.2%), cone cut, and incorrect vertical
angulation were mostly detected in lower left molars
(13.43%) and upper left molars (1.72%). In the
literature, the rates of positioning and cone cut errors
were reported to range between 17.27 and 64.9% (2325), and between 11.42 and 28.1% (7,9,23,26,27), as
well as the rate of incorrect angulation ranging
between 9.23 and 62.2% (23-28). In the study, Öztas et
al. showed that the periapical errors were mostly
observed in the maxillary molar region (24.7%) (29). In
another study, Aydin et al. also revealed that the
positioning, cone cut, and angulation errors were the
most common in the mandibular molar (27.2%),
maxillary molar (26.3%), and maxillary premolar
(29.3%) regions, respectively (24).
Based on the literature, the aforementioned error
types were encountered across different regions,
especially when the technicians’ experience and the
number of patients were considered influencing
factors. Even so, such errors were most apparently seen
in the maxillary and mandibular molar regions. It is
important to place the dental phosphor plate sensor
correctly while performing radiography. The nausea
reflex in the upper molar region and the tongue and
floor of the mouth in the lower mandibular region can
lead to errors while the patient holds the dental
phosphor plate sensor. A patient with a shallow-mouth
base may experience pain while holding the dental
phosphor plate sensor. Conversely, if the base of the
mouth is too deep, the patient may experience
excessive pressure and slide the dental phosphor plate
sensor. Both situations may cause the patient’s
radiograph to be taken incorrectly. A large tongue may
prevent the technician from placing the dental
phosphor plate sensor correctly. The anatomical
structure can make it easier or harder for the patient
to hold the dental phosphor plate sensor or for the
technician to position the cone correctly. In the
present study, the least number of radiographic error
rates were observed in the mandibular anterior and
canine regions. This may have been due to the easily
holding off the dental phosphor plate or easily
positioning of the cone.
The present study revealed that 68.2% of the
panoramic radiographs had one or more positioning
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errors. Our findings were consistent with those
reported by Subbulakshmi et al. reporting that 64% of
radiographs showed one or more positioning errors (2).
Aktuna and Serindere also reported that 63.4% of the
panoramic radiographs had positioning errors (30).
There are also studies reporting contradictory rates of
positioning errors found in the abovementioned
studies. In the study where Akarslan. et al. evaluated
460 panoramic radiographs; the positioning errors were
stated to be responsible for 38% of the errors (31).
Rushton. et al. and Schiff. et al. reported that 85 and
80% of the panoramic radiographs had positioning
errors, respectively (32, 33). Although the most
common panoramic error was found to be chin tipped
high (24.9%) in our study, the error of chin tipped high
was reported as 15.5% by Subbulakshmi et al. 2.8% by
Aktuna Belgin and Serindere, and 9.34% by Akarslan et
al (2, 30, 31). In the present study, the second most
common error was head turned to one side as 14.5%. In
the study by Kattimani et al. the error of head turn to
one side was found to be 30.8% (34), and the finding
was correlated with that reported in the study by
Khotor et al. stating the error as 33.8% (35). In our
study, the third most common error was chin tipped
low as 13.3% (n=121). In various studies carried out by
Subbulakshmi et al., Aktuna Belgin and Serindere,
Akarslan et al. and Al-Faleh et al. the error rates of the
head turned to one side was reported as 2.5, 3.4,
13.47, and 11.6%, respectively (2, 30, 31, 36). The rates
of errors found in our study are not compatible with
those found in other studies. The probable reason for
such controversy may have been due to the
multifactorial human-related effects, such as age,
sociocultural levels, marital status, technical skills, and
communication ability of technicians.
Soft tissue changes play a great role in
contemporary orthodontic therapeutic approaches. For
the accurate estimation of soft tissue changes at the
end of treatment, the patient needs to maintain the
natural head posture while the orthodontic
measurements are obtained. The methods used so far
in the detection of the natural head position can be
classified under the determination of static and
dynamic head position (37). The parallelization of the
Frankfurt horizontal plane to the ground is one of the
best-known methods for the static determination of the
natural head position. However, the reliability and
reproducibility of the natural head position determined
with the use of a mirror and self-balance methods,
which are the most common dynamic determination
methods, are better than the static determination of
the position (38). A plane horizontal to the natural head
position is termed the true horizontal plane. Since the
present study was with a retrospective design, we had
no opportunity to evaluate the patients in the clinic.
There may be a 10° deviation between the true and
Frankfurt horizontal planes (39). Hence, we evaluated
whether the patients’ heads were inclined forward or
backward by taking this 10° difference into account.
As mentioned earlier, acquiring the cephalometric
radiographs in the natural head posture is of great
importance in treatment planning (38). The patients
with skeletal malocclusions tend to bend their heads
International Dental Research © 2021

Radiographic errors in dentistry

forward or backward to hide the anomaly (38). A
patient with a Class II skeletal anomaly may display a
tendency to tilt his/her head backward, while another
with a Class III skeletal anomaly tends to tilt his/her
head forward (38). As consistent with this entity, it was
observed in the present study that those with Class II
skeletal anomalies were more likely to require tilting
the heads backward than those with Class III skeletal
anomalies, and the patients with Class III skeletal
malocclusions had a tendency further to tilt their head
forward than those with Class I and II malocclusions.
For this reason, the natural head posture should be
modified when acquiring radiographs of such patients.
Tense lips are observed in most patients with Class II
skeletal anomalies, and such patients often exhibit
hyper-divergent growth tendencies and short lips (39,
40). As consistent with this issue, tense lips were
observed more frequently in the patients with Class II
malocclusions than those with Class I or III
malocclusions in our study. For this reason, those with
short lips can be forced by technicians to close their
lips while acquiring the radiograph.
Cephalometric radiographs should be acquired in
the natural head position with centric occlusion while
the lips are positioned in a resting state. In-service
training programs should be arranged on the entity to
prevent technicians from giving incorrect directives to
the patients, and physicians should provide the
technicians with adequate written information for
reducing the number of acquisition errors. The
cephalometric radiographs were not included to
determine the effects of working hours and working
days on radiographic errors since cephalometric
radiographs were only performed over the weekend.
The number of cephalometric radiographs performed
over the weekend was not high enough to compare the
error rates on weekdays or weekends. However, we
believe that it is inaccurate to evaluate the rate of
radiograph errors taken in different radiographic
techniques.

Conclusions
In our study, we concluded that radiographic
errors increase due to the intensity of the workload.
Even so, we found no conclusive evidence to determine
the impacts of working days and hours on radiographic
errors. However, it cannot be deduced that working
days and hours do not affect error rates. To our
knowledge, our study is the first to assess the
association between the radiographic errors arising
from the workload on weekdays and working hours and
work efficiency. Therefore, we consider that more
comprehensive studies should be carried out to
elucidate the effects of working days on work
efficiency in the future.
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