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RESEARCH ARTICLE

Head motion and perception of discomfort by young children 
during simulated CBCT examinations

Rubens Spin- Neto, Louise Hauge Matzen, Louise Hermann, João Marcus de Carvalho e Silva Fuglsig 
and Ann Wenzel

Oral Radiology, Department of Dentistry and Oral Health, Aarhus University, Aarhus, Denmark

Objectives: To assess the frequency and characteristics (number, complexity, and distance) of 
head movements, and the perception of discomfort during simulated CBCT examinations in 
children, considering units with different patient positioning method and head immobilization 
device combinations.
Methods: Forty children (20 boys/20 girls, age range 10–14 years) were video- recorded during 
simulated CBCT examinations. Children were randomly allocated to a sequence of five CBCT 
units: Newtom- 5G, Orthophos- SL, Cranex- 3Dx (patient standing/sitting), and X1. The child 
scored his/her discomfort perception (visual scale) and the preferred/ill- favored unit. Three 
observers scored the videos (20% in duplicate): child movement (yes/no), number (<3/≥3/
continuous), complexity (uniplanar/multiplanar) and distance (<3 mm/≥3 mm). κ statis-
tics provided intra-/interobserver reproducibility. Severe/extreme motion was defined based 
on movement characteristics. Chi- square tests assessed the frequency differences of severe/
extreme motion among the units, age and operator. Logistic regression analyses with severe/
extreme motion as outcome were performed.
Results: The range of intra- and inter- observer reproducibility for movement observation 
was 0.78–0.89 and 0.61–0.64, respectively. Between 60% (Newtom- 5G) and 100% (X1) of chil-
dren moved during the examination. Severe/extreme motion was significantly related to unit 
and age. There was significantly less severe/extreme motion, when the child was in the supine 
position with a foam headrest as head support. The younger the child, the higher the risk for 
severe/extreme motion. The majority of the children preferred the unit with the supine posi-
tion and a foam headrest.
Conclusions: The prevalence of severe and extreme motion was associated with the unit’s 
patient positioning method and head immobilization devices combined, and child age.
Dentomaxillofacial Radiology (2021) 50, 20200445. doi: 10.1259/dmfr.20200445

Cite this article as: Spin- Neto R, Hauge Matzen L, Hermann L, Fuglsig JMCS, Wenzel A. 
Head motion and perception of discomfort by young children during simulated CBCT exam-
inations. Dentomaxillofac Radiol 2021; 50: 20200445.

Keywords: Patient movement; Patient monitoring; Cone beam CT

Introduction

Cone Beam CT (CBCT) provides a radiation dose to the 
patient, which is many times higher than conventional 
2D imaging.1,2 Young children have a radiation- effect 
multiplication factor of three compared to the popu-
lation average at age 30, and this patient group must 
be carefully considered when defining “best practice 

techniques” for radiography.3,4 A CBCT examination 
has a relatively long exposure time, that is, the active 
part of the examination lasts approximately 20 s.5,6 A 
child may, therefore, not be able to remain completely 
still during the examination. A previous study has found 
that almost all children below the age of 15 years move to 
some extent (i.e. 0.5 mm or more) during a CBCT exam-
ination.7 The type of movement ranges from nodding 
of the head (movement in one plane only) to shivering 
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(complex movements in all planes).6–8 Movements, that 
the operator is able to recognize by observing the patient 
via video cameras recording the patient’s head during 
the examination, have been shown to occur in about 
67% of children in this age group.9

Depending on the movement characteristics, CBCT 
images will display patient motion artefacts.6,10 The 
literature shows that drastic patient movements (i.e. in 
large numbers, involving more than one plane, and/or a 
distance more than 3 mm) often lead to images with low 
diagnostic quality, which may be impossible to interpret 
by the radiologist.8,11 A previous study has shown that 
motion artefacts arising from drastic patient movements 
increased the risk of non- interpretable images with odds 
ratios of 3–11.8 A recent audit study showed that chil-
dren younger than 12 years presented a higher frequency 
of re- examinations due to deteriorated image quality, 
subjectively defined as motion artefacts; however, the 
true motional state of the patient was not known.12 
When a re- examination of the child is necessary, this 
results in extra radiation dose and time- consumption.1,4

Systems in CBCT units that may aid in, first, tracking 
the patient’s movements and, second, correcting the 
image volume after capture to avoid motion arte-
facts, are available and more under development.2,7,13–16 
Two recent CBCT units have implemented systems to 
compensate or correct for patient motion artefacts.13–15 
These systems may to some extent enhance the diagnostic 
quality of the images, depending on the diagnostic task 
and on the presence of other types of artefact, which 
might also hamper image quality.14,15,17,18 However, most 
CBCT units in dentistry work without any correction or 
compensation for motion artefacts.

Patient positioning differs in CBCT units: some are 
sitting models, some standing models, and in some 
models, the patient is in a supine position (i.e. lying hori-
zontally with the face and torso facing up). This may 
influence which types of head movement may occur, and 
the use of systematic dedicated patient positioning and 
stabilization devices could, in theory, reduce the preva-
lence of movement.6 When motion artefact correction 
is not available, some developers claim that the off- the- 
shelf  head immobilization devices included in the units 
(e.g. head- and chin- supporting devices) may suffice in 
avoiding serious patient motion.19–21 The hardware solu-
tions available to immobilize the patient’s head during 
image acquisition have their limits although, and prob-
ably cannot eliminate all movements.6,10 To the present, 
no study has focused on the frequency and characteris-
tics of children’s head movements in units with various 
combinations of patient positioning method and head 
immobilization device. It is also not clear how children 
perceive a CBCT examination. Children’s perception 
of discomfort may depend on patient positioning and 
the use of head immobilization devices. Once again, no 
study has addressed this topic.

The aim of  the study was to assess the frequency 
and characteristics (number, complexity, and distance) 

of  head movements in children during simulated 
CBCT examinations, in units with different patient 
positioning method and head immobilization device 
combinations. Further, to assess the children’s percep-
tion of  discomfort in a simulated CBCT examina-
tion and their preference for unit. The hypothesis 
was whether the prevalence and severity of  move-
ment during CBCT examination depend on patient 
positioning method and head immobilization devices 
combined, and child age.

Methods and materials

The study was conducted at the Section of  Oral 
Radiology, Department of  Dentistry and Oral Health, 
Aarhus University. There were no risks or disad-
vantages to the study population since there was no 
radiation emission during the simulated CBCT exam-
inations. The units were set to operate with a so- called 
“dry run” that is identical to the true exposure, just 
without radiation. The study protocol was submitted 
to the Regional Committee of  Ethics (protocol 1-10-
72-80-19) that decided there was no need for ethical 
approval since the methodology was characterized as 
part of  a “quality assurance” protocol, offering no risk 
to the participants.

Sample definition
Sample size calculation was based on previous results 
that approximately 67% of children in that age group 
perform severe movements during CBCT examination 
(i.e. in large numbers, involving more than one plane, 
and/or a distance more than 3 mm),8,11 and supposing 
that the use of head immobilization devices would 
reduce the prevalence of the movement to 25%. That 
taken into account, 40 children should be included in 
the study, providing a sample power of 90%.

The sample included 40 school children (20 boys 
and 20 girls), recruited in the municipality of Heden-
sted – Denmark, at ages 9.97 to 13.91 years (age ≤15 
years was the only inclusion criterion; average age 11.75 
years old). Age distribution of the included children is 
presented in Figure 1. The rationale for defining the age 
group was twofold. First, the 10- to14- year age group is 
often referred to CBCT examination due to impacted 
upper canines, which up to 5% of children experi-
ence.22,23 Second, almost all children below the age of 
15 years move to some extent during a CBCT examina-
tion.7,9 Children with physical disabilities, which impair 
movement control, were not included in the study. The 
parents of the children were given information orally 
and in the form of a letter stating the purpose of the 
study in detail, and an acceptance form was signed by 
both parents. All children were given a sequential study 
number (from 1 to 40), which was used as an identifier 
throughout the study.

http://birpublications.org/dmfr
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CBCT units
CBCT units available at the Section of Oral Radiology, 
Department of Dentistry and Oral Health, Aarhus 
University, were included in the study. Following the 
study objectives, the “unit” represented a combination 
of a patient positioning method and some type of head 
immobilization device. Therefore, the included five units 
differed in terms of patient positioning method and type 
of head immobilization device combinations, as shown 
in Table 1 (unit name is abbreviated in the following as 
stated in table).

CRA was used to simulate two situations (i.e. CBCT 
units): one with the conventional standing patient posi-
tion (CRASTA) and one with a “sitting” patient position 
(CRASIT). To accomplish that, a chair, with wheels that 
were locked, was used to position the child. In the X1, 
according to the producer, the patient needs to wear a 
headband that provides information to the unit’s head- 
tracking system. This situation was also mimicked to 
simulate the examination precisely. The simulation did 
not include the radiation emission notification sound 
(i.e. “bipping”), but all other sounds, light changes, and 
moving parts of the equipment were mimicked. The 

exception was the NEW, in which the notification sounds 
were recorded with a microphone, and played from a 
speaker placed inside the unit’s plastic cover during the 
simulated examination. This option was selected since 
the NEW does not have any visible moving parts, which 
could indicate to the child the start and the end of the 
simulated examination.

Randomization procedure
To avoid sample and operator bias, this study included 
well- defined randomization procedures both at the 
patient (i.e. child) and operator level.

As for the children, they were allocated to four 
groups, with 10 children in each group, by a computer- 
based randomization procedure. Each group of 10 chil-
dren corresponded to one “study session”. The same 
computer- based randomization procedure generated 
a CBCT unit sequence for each child (e.g. #1, NEW – 
ORT – CRASTA – CRASIT – X1; #2, ORT – CRASTA – 
CRASIT – X1 – NEW). The random sequence assured 
the same number of children had a determined unit as 
his/her first, second, third, fourth and fifth unit, avoiding 
a “sequence bias” regarding the units.

Four operators, experienced in performing CBCT 
examinations and providing instructions to patients, 
were selected. A pre- study session secured that all opera-
tors were instructed in how to use and advice the children 
in each unit. Also based on a closed, computer- based 
randomization procedure, each operator was in charge 
of the same number of children in the same number of 
units, considering the four study sessions. In this manner, 
each operator performed simulated examinations of 10 
children in a single unit in each study session. In the next 
study session, the operator then examined 10 other chil-
dren in another unit. Over the four study sessions, each 
operator had performed examinations in all 40 children 
in all units. To provide an optimal working sequence, 
the operator allocated to the CRA simulated both the 
examinations in the sitting (CRASIT) and in the standing 
(CRASIT) position in a specific study session, in which 
he/she was in charge of that unit.

Figure 1 Frequency (count) of patients according to age (rounded 
off).

Table 1 Patient positioning method, head immobilization devices, CBCT units, producers, and duration of the simulated image acquisition 
protocol

Patient positioning 
method Head immobilization device Unit Producer (country)

Duration of the 
simulated examination

Supine Foam headrest Newtom 5G (NEW) NewTom (Italy) 18 s

Standing Chin support (curved), temple- and forehead- 
supports, tightened to the patient’s head

Orthophos SL (ORT) Sirona Dental Systems GmbH 
(Germany)

18 s

Standing Chin support (curved), temple- and forehead- 
supports, tightened to the patient’s head

Cranex 3Dx 
(CRASTA)

Soredex Oy (Finland) 23 s

Sitting Chin support (curved), temple- and forehead- 
supports, tightened to the patient’s head

Cranex 3Dx (CRASIT)Soredex Oy (Finland) 23 s

Standing Chin rest (flat) X1 (X1) 3Shape (Denmark) 12 s

http://birpublications.org/dmfr
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Study session and assessment of patient discomfort
The study was performed over four sessions in separate 
days. Each session started by a group instruction to the 
children provided by one operator (AW) regarding the 
purpose of the study and the session sequence. The chil-
dren were then identified by their study number, which 
was printed to a sticker and attached to his/her clothes. 
One researcher (RS- N) kept track of the unit sequence 
for all children and supervised the video- recording 
quality after each examination.

To start the sequence, the first operator who had the 
child for the session invited him/her to sit and relax in a 
conventional chair placed in a calm room, and instructed 
in the use of a discomfort scoring scale. This was done 
using a rank scale with five face expressions, modified 
to fit this specific application.24 The scale was graphi-
cally modified to fit children’s universe, using “emojis” 
to represent their perception of discomfort (Figure 2). 
The operator asked the child about how comfortable 
they were feeling at that moment, and explained that the 
child should compare this situation to the situation in 
the units they would be examined with.

The operator then walked the kid into the first exam-
ination room and provided specific instructions for the 
examination (as in the true clinical situation). Emphasis 
was put on the importance of sitting/standing/lying 
still in the unit during the whole sequence. The child 
was positioned in the unit in accordance with guide-
lines for patient positioning for that unit. A simulated 
CBCT was conducted for an examination of an upper, 
right impacted canine. The programming of the unit 
and field- of- view positioning was executed as if  a true 
CBCT examination was to be performed. The only unit, 
in which the operator did not stay outside the examina-
tion room during the simulation, was the X1. This was 
due to the fact that in the X1 the button to start and 
stop the simulated examination is located on the side of 
the unit’s panel. Following the simulated CBCT exam-
ination, the child was asked about his/her perception of 
discomfort during the examination using the previously 
described scale. The operator took notes on the score 
and walked the child into the room of the unit that was 
second in his/her sequence, where the child was handed 
over to the operator in charge of that unit. The full 
instruction, examination, and discomfort assessment 
took approximately 10 min/unit.

Eventually, after being through all CBCT units, the 
child was asked about his/her opinion on the preferred 

and ill- favored unit, by the operator who examined him/
her last. It was also possible for the child to state if  this 
was impossible to define (i.e. scored as “undefined”).

Video-recording
All patients were video- recorded during the simulated 
CBCT examination as previously described.9 The system 
is the traditional patient observation system, demanded 
for every patient in this radiology clinic during a CBCT 
examination.9,11,25 Briefly, one (located centrally, aiming 
at the patient from the front - NEW and X1) or two 
(located laterally, aiming at the patient from approxi-
mately 45° - ORT, CRASTA, and CRASIT) high- definition 
cameras (Logitech B525, Lucerne, Switzerland) were 
positioned to show the child’s head during the entire 
simulated examination. Two cameras were used in the 
units, in which the arm rotation would cover the child’s 
head during part of the examination, if  only one camera 
was recording. This assured the entire child’s head to be 
recorded by at least one of the cameras, independent of 
the position of the unit’s arm.

The cameras were connected to a computer with dedi-
cated software (OBS Studio 25, Free Software Founda-
tion, Boston – MA, USA), by which the operator could 
start and stop video recording. Videos were acquired 
in high definition and 27 frames/second, and saved in 
the FLV (flash video files) format without compression 
and named according to the patient study number and 
unit. Only the main investigator (RS- N) had access to 
the videos, and he checked the video quality after each 
examination. Only one child had to be examined again 
in one of the units, due to video- recording failure.

Video observation and assessment
Video observation started 30 days after the completion 
of the study sessions. The main investigator (RS- N) 
anonymized the videos (i.e. removed the patient number) 
and organized the videos in sets of 10 (i.e. four sets of 
videos per unit, 20 sets in total). These 20 sets were 
then organized in three computer- generated random 
sequences, which were provided to the observers (a 
unique sequence for each observer). It was not possible 
to anonymize the unit in the video, since the specific unit 
characteristics were obviously visible.

Three observers (also operators in the previous 
steps), trained and experienced in how to score move-
ments seen on the videos, watched the videos. The 
parameters scored were: child movement (yes / no); if  
yes, the number of movements (<3/≥3/continuous), the 
complexity of movements (uniplanar / multiplanar), and 
the distance of the largest movement (<3 mm/≥3 mm).

The videos were assessed on two 22- inch flat screen 
monitors (L2250pwD; Lenovo, Morrisville, NC): in 
one of the monitors, the observers were shown refer-
ence images for each unit (Figure 3) to assist defining 
when the distance of the movement was ≥3 mm, while 
in the second monitor, the videos were displayed in full 
screen and could be stopped and replayed as many times 

Figure 2 Modified visual scale based on “emojis” used to measure 
the patient’s perception of discomfort. The child selected the face 
expression, while the number underneath (which was not presented to 
the child) was the score used for statistical evaluation.

http://birpublications.org/dmfr
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as judged necessary by the observer and in a preferred 
speed.

In order to evaluate intra- observer reproducibility, 
20% of the videos (i.e., 80 videos) were assessed in dupli-
cate with an interval of at least two weeks from the first 
assessment. For that, three new computer- generated 
random sequences were given to the observers, stating 
which sets of videos they should watch. All sequences 
comprised the same 80 videos, but in a different order.

Data treatment
Intra- and interobserver reproducibility was assessed by 
κ statistics.25 Data from the observers were combined 
into a consensus observer, based on the score for each 
parameter given by the majority of the three. There was 
no case where the observers had given three different 
scores for number of movements.

According to the consensus observer, the frequency 
of children who moved during the examination (yes / 
no), the number of movements (<3/≥3/continuous), 
as well as the complexity (uniplanar/multiplanar) and 
distance of the largest movement (<3 mm/≥3 mm) was 
calculated for each CBCT unit and organized in cross- 
tables, including the counts and the percentages.

Two thresholds for significant head motion were 
defined; (1) Severe motion: ≥3 mm/continuous move-
ment, OR multiplanar movement, OR movement 
distance ≥3 mm; (2) Extreme motion: ≥3 mm/continuous 
movement, AND multiplanar movement, AND move-
ment distance ≥3 mm. Data was organized according 
to the unit and presented in cross- tables, including the 
counts and the percentages.

Child age was considered in two manners: as a contin-
uous variable, or split into two age groups (<12 years/≥12 
years), based on the observation of “age clusters” in 
the sample (as presented in Figure 1). Χ2 tests assessed 
the differences in the frequency of severe and extreme 
motion among the units, age (continuous), age groups 
and operators. Variables with differences p ≤ 0.1 in 
the tests were entered into two multifactorial logistic 
regression analysis models: one with severe motion as 
outcome and age (continuous/group) and CBCT unit as 
independent variables; the other with extreme motion as 
outcome and age (continuous/group) and CBCT unit as 
independent variables.

Discomfort scores from each child were summed 
for each CBCT unit, and mode and maximum scores 
obtained. Discomfort scores, and the selection for the 
preferred and ill- favored unit, are reported descriptively.

Results

Intraobserver reproducibility was good26 for movement 
observation (0.78–0.89), movement number (0.73–0.79), 
movement complexity (0.75–0.89) and movement 
distance (0.77–0.92). Interobserver reproducibility 
was moderate,26 ranging from 0.61 to 0.64 for move-
ment observation, 0.53 to 0.54 for movement number, 
0.55 to 0.63 for movement complexity and 0.55 to 0.64 
for movement distance. There was, a large number of 
“full agreements” (i.e., the three observers agreed) for 
movement observation: 85% (NEW), 75% (ORT), 80% 
(CRASIT), 90% (CRASIT) and 100% (X1).

Figure 3 Reference images available to the observers in one of the monitors, including reference lines delimiting the distance threshold of 3 mm 
for each specific unit. (a) NEW; (b) ORT; (c) CRASTA and CRASIT; (d) X1.

http://birpublications.org/dmfr
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According to the consensus observer, the frequency 
of children, who moved during the examination, ranged 
from 60 (NEW) to 100% (X1) (Table 2). The only unit, 
in which < 3 mm movements was the most frequent 
score, was the NEW, while for the X1, the majority of 
the movements were scored as continuous. For all units 
but the X1, simple movements were more common than 
complex movements. The distribution of movement 
distances among the units varied greatly, and while for 
NEW, CRASIT, CRASTA, and X1, the largest movement 
was more often <3 mm, for ORT there was a tendency 
for more movements being ≥3 mm.

The frequency of severe and extreme motion varied 
immensely according to unit (Table  3) and logically, 
severe motion was more common than extreme motion. 
The chi- square tests showed that the frequency of severe 
and extreme motion was related to the CBCT unit (p < 
0.001, severe; p = 0.002, extreme), age (p = 0.08, severe; 
p = 0.04, extreme) and age group (p = 0.02, severe; p = 
0.005, extreme). These variables were then entered into 
the multifactorial logistic regression analysis models. 
The operator did not have an effect on the frequency of 
severe (p = 0.622) and extreme (p = 0.377) motion (data 
not shown).

Considering the severe motion (Table 4), the regres-
sion model did not provide information on the X1, since 
the prevalence of severe motion in this unit was 100%. 

When age was considered as a continuous variable, it 
did not present a significant impact on the occurrence 
of severe motion, and only the CRASTA was related to a 
significantly higher motion risk. When considering the 
age groups, the fact that a child is younger than 12 years 
led to a significantly increased odds ratio (2.41, with an 
upper CI 95% of 4.70) of a child moving, as well as the 
CRASTA unit, which significantly increased the risk of 
the child moving with an odds ratio of 5.27 (with an 
upper CI 95% of 13.30).

For extreme motion (Table 5), when age was consid-
ered as a continuous variable, it significantly affected the 
occurrence of movement with an odds ratio of 1.33 for 
each year younger than 14 years old (reference). Also 
unit had a highly significant impact on extreme motion, 

Table 2 Number (percentage) of children who moved during the examination, number of movements, complexity of movements, and distance 
of the largest movement (<3 mm /≥3 mm) according to CBCT unit

Movement

Unit

NEW ORT CRASIT CRASTA X1

Moved

  No 16 (40.0) 11 (27.5) 4 (10.0) 0 (0) 0 (0)

  Yes 24 (60.0) 29 (72.5) 36 (90.0) 40 (100.0) 40 (100.0)

Number

  <3 13 (54.2) 12 (41.4) 15 (41.7) 12 (30.0) 0 (0)

  ≥3 11 (45.8) 14 (48.3) 15 (41.7) 21 (52.5) 2 (5.0)

  Continuous 0 (0) 3 (10.3) 6 (16.6) 7 (17.5) 38 (95.0)

Complexity

  Simple 20 (83.3) 19 (65.5) 26 (72.2) 23 (57.5) 6 (15.0)

  Complex 4 (16.7) 10 (34.5) 10 (27.8) 17 (42.5) 34 (85.0)

Distance (mm)

  <3 16 (66.7) 14 (48.3) 28 (77.8) 23 (57.5) 23 (57.5)

  ≥3 8 (33.3) 15 (51.7) 8 (22.2) 17 (42.5) 17 (42.5)

Table 3 Number (percentage) of severe and extreme motion 
according to CBCT unit

Motion

Unit

NEW ORT CRASIT CRASTA X1

Not severe 26 (65.0) 22 (55.0) 19 (47.5) 11 (27.5) 0 (0)

Severe 14 (35.0) 18 (45.0) 21 (52.5) 29 (72.5) 40 (100.0)

Not extreme 37 (92.5) 31 (77.5) 33 (82.5) 26 (65.0) 23 (57.5)

Extreme 3 (7.5) 9 (22.5) 7 (17.5) 14 (35.0) 17 (42.5)

Table 4 Multivariate logistic regression analysis using factors (age 
and CBCT unit, or age group and CBCT unit) with an initial impact 
on severe motion (dependent variable). The oldest child was 13.91 
years old. P- value / OR could not be defined (nd) for X1, as the prev-
alence of severe motion was 100%

p value OR 95% CI OR

Age (oldest as reference)

  For each year younger 0.065 1.25 0.99–1.59

CBCT unit (NEW as reference)

  ORT 0.357 1.53 0.62–3.81

  CRASIT 0.113 2.09 0.84–5.18

  CRASTA 0.001 5.08 1.97–13.30

  X1 nd nd nd

Age group (≥12 years as reference)

  <12 years 0.010 2.41 1.24–4.70

CBCT unit (NEW as reference)

  ORT 0.352 1.55 0.62–3.89

  CRASIT 0.109 2.12 0.85–5.33

  CRASTA <0.001 5.27 1.98–13.98

  X1 nd nd nd
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that is, CRASTA and X1 obtained odds ratios of 6.90 and 
9.57, respectively, compared to the reference (NEW). 
When age was entered into the model as age groups, the 
fact that a child is younger than 12 years also led to a 
significantly increased odds ratio (2.89, with an upper 
CI 95% of 5.98) for motion. In that case, also the unit 
(CRASTA and X1, with odds ratio of 7.11 and 9.96, 
respectively) significantly impacted on motion risk.

Patient discomfort scores (Table 6) ranged from 1 to 
3 among the units. The majority of the children (72.5%) 
selected the NEW as their preferred unit, while 42.5% of 
the children listed the X1 as their ill- favoured unit. No 
child was in doubt of his/her preferred unit, but 20% of 
them could not decide on the ill- favoured unit.

Discussion

The majority of children below the age of 15 years 
move to some extent during a CBCT examination,7 and 
approximately two- thirds of these movements are rele-
vant for the subsequent image interpretation.8 Thus, the 
operator should recognize these movements during the 
examination, for example, by video observation.9 When 

in a large number, involving more than one plane, and/
or longer than 3 mm, these movements will most often 
lead to severe patient motion artefacts in the images6,10 
and ultimately to re- examination.8,11 The diagnostic 
task simulated in the present study (assessment of an 
impacted upper canine) is usually requested for children 
younger than 14 years old.22 Further, this diagnostic 
task usually requires high- resolution images, acquired 
with small voxel size.27 In those cases, the deleterious 
effect of patient movement causing motion artefacts is 
extremely damaging.5,10

Patient positioning differs in CBCT units: some are 
sitting models, some standing models, and in some 
models, the patient is lying horizontally with the face 
and torso facing up. This may influence the prevalence 
and characteristics of head movement during image 
acquisition.6 A recent study proposed that patient posi-
tion (standing, sitting, and supine) does not affect the 
prevalence of patient motion artefacts in the images.28 
The study, however, defined the presence of patient 
movement only from the characteristics of the recon-
structed image; thus, the outcome was not a known 
movement, but merely image quality.28 Further, the study 
did not include any sequence randomization procedure, 
neither for patients nor for operators.28 Developers also 
claim that the head immobilization devices included in 
the units (e.g. head- and chin- supporting devices) may 
suffice in avoiding serious patient motion.19–21 Never-
theless, the hardware solutions available to immobilize 
the patient’s head during image acquisition have their 
limits, and probably cannot eliminate all movements.6,10 
A study focused on the effect of head supports on the 
formation of motion artefacts in a CBCT unit, in which 
the patient is in the supine position.21 Three types of 
head support (foam headrest, foam headrest with head 
strap, and a carbon restraint helmet covered by foam) 
were tested, based on a “cyclic” head- support allocation 
method (i.e. the clinic selected one head support per 
day, until completing 250 patients with each type).21 The 
results showed that the repetition rate of the examina-
tion due to patient motion artefacts was equal among 
the three types of head support in patients between the 
ages of 6 and 65 years.21 However, the observers, who 
were not blinded as to which head support was used, 
defined motion artefacts merely from the characteristics 
of the reconstructed image. Again, the outcome was not 
a known movement, but merely image quality.21

The fact that several studies on the topic have advo-
cated deteriorated image quality as a proxy variable for 
movement (i.e. extrapolating movement, which was not 
explored, from image quality) should be evaluated care-
fully. These are two very different parameters, and image 
quality may be deteriorated for many other reasons than 
movement. In a previous study on impacted canines, 
observers were asked to select one image out of a pair 
(one of the images were known to originate from a 
patient who had moved), for which they believed the 
patient had moved. Results showed that they selected the 

Table 5 Multivariate logistic regression analysis using factors (age 
and unit, or age group and unit) with an initial impact on extreme 
motion (dependent variable). The oldest child was 13.91 years old

P- value OR 95% CI OR

Age (oldest as reference)

  For each year younger 0.032 1.33 1.03–1.72

CBCT unit (NEW as reference)

  ORT 0.070 3.65 0.90–14.83

  CRASIT 0.185 2.65 0.63–11.20

  CRASTA 0.005 6.90 1.78–26.75

  X1 0.001 9.57 2.49–36.78

Age group (≥12 years as reference)

  <12 years 0.004 2.89 1.39–5.98

CBCT unit (NEW as reference)

  ORT 0.068 3.71 0.91–15.17

  CRASIT 0.182 2.68 0.63–11.39

  CRASTA 0.005 7.11 1.82–27.82

  X1 0.001 9.96 2.57–38.66

Table 6 Discomfort scores (mode and maximum) and child’s opinion 
(preferred / ill- favoured) according to CBCT unit

Unit

Score Child’s opinion

Mode Max Preferred Ill- favoured

NEW 1 3 29 4

ORT 2 3 0 5

CRASIT 1 3 7 5

CRASTA 1 3 1 1

X1 2 3 3 17

Undefined 0 8
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wrong image several times.25 This was explained by the 
fact that an impacted canine gives rise to enamel- related 
artefacts.25 These were beam- hardening artefacts seen as 
stripes and unsharpness, similar to an image originating 
from a patient that moved.25 In that study, it was not 
possible for the observers to distinguish enamel- related 
stripes, also present in the non- moving patients, from 
motion- related stripes.25 Thus, if  deteriorated image 
quality is defined as a proxy variable for movement, the 
risk for false- positive results must be considered.

This is the first study, with a true reference standard 
for movement, focusing on the frequency and charac-
teristics of children’s head movements and considering 
units with different patient positioning methods and 
head immobilization devices. It included a true random-
ization of the sequence of units for child examination, 
and a true randomization of operators for each unit 
to avoid biases at all phases.29 The age and character-
istics of the study population were carefully decided 
to avoid selection, spectrum and referral biases. The 
sample population is believed to be representative of 
the northern- European population in terms of income 
and wealth, living conditions and education. As for the 
possible occurrence of information bias, the CBCT unit 
could not be anonymized in the videos. However, as 
the observers were only entitled to score the occurrence 
and characteristics of the movements, independent 
of the unit, we do not believe this interfered with the 
results. The three observers were also operators during 
the acquisition of the videos. One could speculate on 
a possible “recall” bias, in which the observer would 
be influenced during video scoring by the memories 
of having instructed a specific child in a specific unit. 
We do not believe it was the case however based on the 
number of children, the randomization of the sample at 
both the video acquisition and video scoring levels, and 
the time between video acquisition and video scoring 
(30 days). The fact that the operator had no effect on 
the frequency of severe and extreme motion supports 
this theory.

The percentage of children, who moved during the 
simulated CBCT acquisition, ranged broadly (60–100%), 
depending on the combination of patient positioning 
method and head immobilization device. These results 
are in accordance to what was previously reported in the 
literature: based on video observation, almost 65% of 
the patients younger than 15 years were found to move 
during CBCT examination (sitting position, with chin 
and temple supports).7 The fact that the angle from 
which the patient was recorded varied among units 
should be mentioned. We do not believe this influenced 
movement conspicuity, as inferred from the moderate- 
to- good intra- and interobserver reproducibility. In the 
present study, not only the prevalence but also the char-
acteristics of the observed movements varied immensely 
among the diverse combinations of patient positioning 
methods and head immobilization devices. To take 
the movement characteristics into account, we defined 

two thresholds (i.e. severe and extreme) when motion 
would possibly interfere with image quality and inter-
pretability,6,8,11,25 and therefore should be considered 
significant. The literature shows that as much as 50% of 
the movements < 3 mm might be missed during video 
observation.7 However, for larger and complex move-
ments, video observation may provide suitable accuracy 
for movement detection (80%).7 One can speculate that 
the reported prevalence of severe and extreme motion is 
reasonably accurate. Yet, we believe the present findings 
outline the “best possible scenario” of the tested situa-
tions (patient positioning method and head immobili-
zation devices). “Real- life” results could show an even 
larger prevalence of movement, if  one considers that the 
notification sounds may induce the child to move more. 
In opposition to that speculation, the NEW, where the 
notification sounds were mimicked, still showed the 
smallest prevalence of movement.

By definition, severe motion was more common than 
extreme motion. The results showed significantly less 
severe and extreme motion when the child was in the 
supine position with a foam headrest as head support 
(NEW). This combination was elected as the refer-
ence for the regression analysis. CRASIT (combination 
of sitting position and chin-, temple-, and forehead- 
supports) and ORT (combination of standing position 
and chin-, temple-, and forehead- supports) showed no 
significant difference towards the reference. However, 
the producer of CRA recommends the unit should be 
used in a standing position. Following that recommen-
dation (CRASTA), the risk for severe and extreme motion 
was significantly higher than the reference. It seems that 
offering the child a chair in a unit with chin-, temple-, 
and forehead- supports for head immobilization may be 
more efficient in preventing severe and extreme move-
ments than when the child has a standing position. The 
results suggest the head immobilization device (chin-, 
temple-, and forehead- supports) of ORT to be more 
efficient than in CRASTA. Both are based on a standing 
position, but only CRASTA was associated with a signifi-
cantly higher risk of severe and extreme motion. This 
suggests that the difference between their head supports 
was relevant defining the prevalence of severe and 
extreme movement. The combination of a standing unit 
and absence of temple- and forehead- supports (X1) led 
all children into severe motion, and caused a ten- time 
higher risk of extreme motion, when compared to the 
reference combination (NEW). In other words, a chin 
rest alone did not suffice to avoid that children move 
their head during examination.

The X1 belongs to a small group of units with 
motion artefact correction.13–15 This specific motion- 
artefact correction system has been found to signifi-
cantly enhance CBCT image quality and interpretability 
in the presence of patient movement.13,14,16,17 Therefore, 
it would be reasonable to speculate that the high prev-
alence of severe and extreme motion in the X1 unit 
will not affect the eventual diagnosis. However, when 
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motion artefact correction is not included in CBCT 
units, the development of “best clinical practice tech-
niques” continues to be essential. Then, movements 
must be controlled by thorough patient positioning and 
stabilization devices, patient instruction, and operator 
instruction and guidance protocols.6,19

As previously reported in the literature,6,7,11 age 
significantly affected the prevalence of severe and 
extreme motion. The younger age group (<12 years old) 
was highly associated with severe and extreme motion. 
When age was considered as a continuous variable, 
for each year younger than 14 years old, the risk for 
extreme motion would increase by 33%. We believe one 
explanation may be the functional and organic senses 
(e.g. vision, proprioception, and vestibular sense) that 
mature with age. The literature suggests that human’s 
postural sway is rather stable between the ages of 20 
and 49 years, but shows higher instability in subjects less 
than 20 and more than 50 years of age.30 This condition 
gets even more relevant, considering the relatively long 
CBCT examination time. Adding to that, considering 
the radiation- effect multiplication factor for young 
patients, the present results point toward the continuous 
need for implementing more efficient head immobiliza-
tion devices and data correction algorithms.3,4

Discomfort during acquisition may also be affected 
by the positioning method and the head immobiliza-
tion device combination. However, on a 5- point scale 
discomfort scores ranged merely from 1 to 3 (with 
very few scores 3) suggesting that the children did not 
really judge the CBCT examination experience uncom-
fortable. The majority of children selected the supine 
position with a foam headrest for head support as their 
preferred unit, while the standing position with only the 
chin rest to support the head was most often selected as 

the ill- favoured one. This information may also be taken 
into consideration by the industry to develop safer and 
more patient- friendly units in the future, and to aid the 
clinician selecting CBCT units (when purchasing a new 
unit), particularly in the Community Dentistry for Chil-
dren. It seems that not only the inborn characteristics of 
a unit (dose, possible FOV sizes, resolution, price, etc.), 
but also the combination of patient positioning method 
and head immobilization device may affect the risk of 
patient movement.

Conclusion

The percentage of children, who moved during the simu-
lated CBCT examination ranged from 60 to 100%. The 
prevalence of severe and extreme motion was associated 
with the patient positioning method and head immobi-
lization device combination and child age. Significantly 
less severe/extreme motion was seen when the child was 
in the supine position with a foam headrest as head 
support. The younger the age, the stronger the associa-
tion with severe and extreme motion. Children did not 
judge the CBCT examination experience uncomfort-
able, although they did prefer the unit that worked with 
the child in the supine position.
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