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Diagnostic imaging of children has become 
increasingly common in many countries 
during the past few decades.1-3 Consequently, 
there is a need to identify effective methods for 

counseling children to increase the success and efficiency 
of imaging processes and improve patient-centered coun-
seling for them.4,5 Successful diagnostic imaging of chil-
dren, therefore, requires radiographers with good techni-
cal skills and decision-making to avoid unnecessary 

repeated imaging and to ensure high-quality dose opti-
mization.5-7 Discussions on this subject have increased 
awareness of the importance of patient-centered counsel-
ing8 and the need for its further development.

Patients, particularly children, preparing for diagnos-
tic imaging might feel strong anxiety, leading to adverse 
psychological and behavioral outcomes.9,10 Possible 
causes of fear and anxiety among children undergoing 
diagnostic imaging are:

Purpose To review and synthesize the available evidence on the effectiveness of preparatory digital counseling for children 
undergoing diagnostic imaging and their parents in terms of patient-related and imaging outcomes.

Methods Relevant studies were identified by searching databases and gray literature resources. References from full-text 
articles identified in the initial search were searched manually to identify additional relevant studies. The reviewed literature 
included studies on children and adolescents aged 3 to 21 years, their parents, or both, who participated in digital 
counseling interventions before medical imaging examinations. Literature selection and quality appraisal were conducted 
by 2 independent reviewers. Data were extracted using standardized tools and synthesized using the narrative synthesis 
approach. This review was reported according to Preferred Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines.

Results Five randomized controlled trials and quasi-experimental studies were included in this review. Digital counseling was 
provided via multiple approaches with interactive elements. Digital counseling was reported to be effective at reducing 
anxiety and increasing knowledge and satisfaction among children and their parents. It also appeared to reduce the need 
for general anesthesia and to improve the success of imaging procedures based on image quality and number of repeated 
images required. Digital counseling also appeared to increase children’s confidence and help them remain still during the 
imaging process.

Discussion The increased knowledge from digital counseling can strengthen senses of security and self-efficacy, which are 
important for successful medical imaging examinations, especially in children. The digital counseling applications used in 
the included studies are location-independent, and children and their parents can use them as often as they want, which 
might help ensure the provision of sufficient counseling before procedures.

Conclusions Digital counseling seems to be an effective method for preparing children for diagnostic imaging and a useful 
tool for facilitating successful medical imaging examinations of children. Because of the small number of original studies in 
this area, further research is needed to confirm the effectiveness of digital counseling in children’s diagnostic imaging.
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and inner needs27,28 while also supporting parental and 
familial involvement.29-31

Studies have shown that preparatory counseling 
can be effective in mitigating some common problems 
encountered during diagnostic imaging of children. 
For example, various preparatory methods and tools, 
including play therapy,32 mock MR imaging,33 and 
storybooks and videos,34 have been found to reduce 
the need for GA in children undergoing MR exami-
nations.11 Digital counseling also has been found to 
reduce children’s anxiety when preparing for anesthe-
sia,35 MR imaging,36 and surgery,37 and to improve the 
success and image quality achieved during imaging 
examinations.12,31 Patients have reported positive experi-
ences with digital counseling38,39 that lead to increased 
awareness of their health status, greater security, and 
improved self-efficacy.40

Digital systems allow information to be deliv-
ered to patients in many ways, including websites or 
mobile applications with interactive elements.41 Digital 
counseling can involve different degrees of user engage-
ment42; it can use passively consumed content such as 
animated educational videos12,43 or more active content 
such as 360° video footage36 and virtual reality (VR) 
technologies.38,44 Participants can watch videos with-
out interaction and feedback or play interactive games 
that provide instant feedback.42 The degree of immer-
sion provided by digital counseling systems has been 
evaluated by defining 3 levels of immersion in virtual 
environments (low, moderate, high) and 5 aspects 
of immersion41:

 � extensive – how many sensory modalities are 
accommodated

 � inclusive – degree to which the virtual world is 
separated from the physical world

 � matching – quality of the match between proprio-
ceptive feedback and the visual experience

 � surrounding – what technology is used to present 
the visual environment

 � vivid – how accurately and vividly the virtual 
environment represents the desired environment

Key benefits of digital counseling include the abil-
ity to show children the pathway they will follow 
during diagnostic imaging and to help them under-
stand their upcoming examinations regardless of their 

 � confinement in a small space11,12

 � loud noises such as those made by magnetic reso-
nance (MR) imaging equipment11,12

 � needing to stay still for long periods11,12
 � preparation for anesthesia13

 � presence of large devices and unfamiliar environ-
ments14

Children’s experiences also are interconnected with 
those of their parents10; therefore, parents’ reactions 
(eg, negative responses to procedures and excessively 
reassuring their child that everything is fine) might 
cause distress in pediatric patients.14 However, parents’ 
presence during procedures also can reduce children’s 
distress,15 and parental support is needed sometimes to 
help children develop effective coping behaviors.14

Anxiety might make children unable to remain 
still during examinations,16 potentially necessitat-
ing the use of immobilization methods17 or general 
anesthesia (GA) to enable acquisition of diagnostic 
images.18 Immobilization devices are effective in reduc-
ing motion during medical imaging examinations but 
can be very disturbing to parents.14 Immobilization 
devices also can cause concern in radiologic technolo-
gists because of possible anxiety or pain in children 
from their use.17 In addition, imaging children under 
GA presents challenges and risks absent when imag-
ing patients who are awake. For example, GA presents 
several technical and patient safety issues (eg, limited 
availability of monitoring equipment suitable for use in 
high magnetic fields and a risk of airway emergencies)19 
and requires professionals with varied skillsets who 
can ensure patient safety in a unique environment.13 
In addition, GA increases the duration of visits to 
radiology departments.20,21

Patient-centered counseling relies primarily on oral22 
and written23,24 methods of communication, but the 
rapid development of digital counseling approaches 
has resulted in the availability of a variety of resources 
to support this emerging approach. In addition, 
health care professionals are open to the use of digital 
solutions that facilitate communication among pro-
fessionals, children, and their families.25 Regardless 
of the method chosen, there is strong evidence that 
counseling should be patient centered,26 age appropri-
ate, and address children’s and adolescents’ individual 
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 � digital counseling interventions (eg, extended 
reality, 360° VR, augmented reality, mixed reality, 
mobile, web-based)

 � randomized controlled trial, pseudo-randomized 
controlled trial, or quasi-experimental study

Exclusion criteria were:
 � adult is not parent or caregiver
 � editorial, discussion, or thesis
 � reviews, meta-analyses, descriptive and analytical 

quantitative studies, qualitative studies
 � traditional counseling, text messages, booklets, 

pedagogical simulation platform, video confer-
encing, video recording or CD-ROMs

Applying the PICO approach, studies eligible for 
inclusion involved children and adolescents aged 3 to 
21 years, their parents, or both, who received digital 
counseling interventions (eg, extended reality, 360°, 
VR, augmented reality, mixed reality mobile, or 
web-based) before undergoing medical imaging exami-
nations. Interventions were classified based on their 
degree of immersion (low, moderate, or high). Studies 
also were required to use 1 of the following controls or 
comparators: conventional counseling, no intervention, 
a waiting list, or other interventions. The effectiveness 
of interventions was assessed using data on patient-
related and imaging outcomes such as:

 � anxiety or distress
 � image quality
 � knowledge
 � need for anesthesia
 � repeated imaging
 � satisfaction

The review considered quantitative (randomized 
controlled trials, pseudo-randomized control trials, 
and quasi-experimental studies) and mixed-methods 
studies. Mixed-methods studies were considered if data 
from their quantitative and qualitative components 
were clearly separated. Reviews, meta-analyses, descrip-
tive and analytical quantitative studies, editorials, and 
discussions were excluded. Only studies published in 
English, Finnish, or Swedish were included.

Search Strategy
Preliminary searches of PROSPERO, MEDLINE, 

the Cochrane Database of Systematic Reviews, 

location in the world,36,43 as well as giving children 
the ability to decide how much and how often they 
use digital counseling applications.39 Previous stud-
ies have suggested the need for more research into 
digital counseling in health care45 to identify effective 
stress-management tools to alleviate anxiety related 
to diagnostic imaging in children.14 Knowledge syn-
thesis is needed to identify effective digital counseling 
options for alleviating children’s anxiety caused by 
diagnostic imaging, to increase knowledge of and 
satisfaction with procedures, to improve the success 
of examinations, and to reduce the need for GA. The 
purpose of this systematic review was to synthesize 
the best available evidence on the effectiveness of 
digital counseling for children undergoing diagnostic 
imaging and their parents in terms of patient-related 
and imaging outcomes.

Methods
This systematic review was conducted in accordance 

with a previous protocol (CRD42021240860) listed 
in the international prospective register of systematic 
reviews (PROSPERO) and the Joanna Briggs Institute 
(JBI) guidelines46 for effective systematic reviewing. It 
is reported in accordance with the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses 
(PRISMA) statement.47

The research question used to guide this review was: 
Are digital counseling interventions effective at improv-
ing patient-related and imaging outcomes for children 
undergoing diagnostic imaging when compared with 
conventional face-to-face counseling?

Inclusion and Exclusion Criteria
Inclusion criteria were based on the terminology of 

quantitative studies and were defined in accordance 
with the PICO (population, intervention, comparison, 
and outcomes) approach.46 Defining inclusion criteria 
in this way improved the reliability of the study and 
limited the potential for bias.48 Inclusion criteria were:

 � child or adolescent aged 3-21 years
 � diagnostic imaging of children (eg, MR imaging, 

computed tomography [CT], radiography, sonog-
raphy, angiography, cone-beam CT, cardiology, 
isotope, cystography, f luoroscopy)
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the standard JBI Critical Appraisal Checklists appropri-
ate for their designs.46 Quality appraisal was performed 
by 2 independent reviewers. All 5 studies satisfied at 
least 65% of the quality assessment criteria and were 
deemed suitable for quantitative analysis.

Data Extraction and Synthesis
Data on the author(s), year of publication, country 

of origin, purpose, participants, interventions, study 
design, and main results of the studies were extracted 
from the original publications. Narrative synthesis was 
used to synthesize the results of the selected studies 
because statistical pooling was not possible. A meta-
analysis was not performed because of the lack of 
outcome-specific study data. Findings were analyzed 
by classifying data with respect to patient-related and 
imaging outcomes. The results were reported in narra-
tive form separately for each measured outcome.

Results
The included studies consisted of 2 randomized 

controlled trials and 3 quasi-experimental studies 
with a total of 1059 participants (children and their 
parents). Most of the studies included only children, 
but 1 included parents as well. The ages of the children 
ranged from 3 to 21 years. The studies were conducted 
in South Korea,49 Singapore,50 Germany,51 the United 
Kingdom,52 and Denmark.53 All 5 studies focused on 
children preparing for diagnostic imaging in hospitals. 
The most common type was MR imaging50,51,53 (n 5 3); 
the others were radiography49,52 (n 5 2) and sonogra-
phy52 (n 5 1). In addition to diagnostic imaging, 1 study 
also examined children’s preparations for other proce-
dures in the hospital, including surgical cannulation 
and blood tests (n 5 1).52 A narrative summary of the 
search is shown in Table 1.

Interventions and Comparators
The digital counseling interventions examined 

in the studies were based on VR video applications 
(n 5 2),49,51 a digital therapeutic platform (n 5 1),52 
regular and interactive cartoon videos (n 5 1),50 and 
an interactive application with gamification elements 
(n 5 1),53 forming part of a multifaceted, child-friendly 
concept. Digital counseling was provided via websites, 

and the JBI Database of Systematic Reviews and 
Implementation Reports found no published or ongoing 
systematic reviews summarizing the published evidence 
on the effectiveness of digital counseling for children 
undergoing diagnostic imaging and their parents. After 
several preliminary literature searches, systematic 
data collection was performed from December 2020 
through February 2021. With the assistance of an infor-
mation specialist, 6 databases (Cumulative Index to 
Nursing and Allied Health Literature, Scopus, PubMed, 
Cochrane, Web of Science, and Medic) and a gray litera-
ture resource (MedNar) were searched using keywords 
and index terms chosen from the inclusion criteria and 
categorized according to the PICO approach.46,48 In 
addition, gray and unpublished literature searches of the 
ClinicalTrials.gov registry and the Directory of Open 
Access Journals was performed using a simplified ver-
sion of the database search strategy. Gray literature is 
information produced outside of traditional publishing 
and distribution channels (eg, reports, policy literature, 
working papers, newsletters, government documents, 
speeches, and white papers). No time or language lim-
its were set. These searches did not add any relevant 
citations. To identify further relevant studies, manual 
searches were performed by reviewing the reference 
lists of all full-text studies identified in the initial data-
base searches.

Database searching identified 3070 records, and 
manual searching identified an additional 5 records, 
resulting in a total of 3075 studies. These records were 
collected and imported into the Covidence software 
tool, duplicates were removed, and their titles and 
abstracts were screened (n 5 2293). The full texts 
of publications deemed relevant (n 5 22) then were 
assessed in detail against the inclusion criteria by 
2 independent reviewers. Conflicts were resolved by 
establishing consensus between the 2 reviewers; no 
major disagreements occurred. Full texts deemed irrel-
evant based on the inclusion criteria were excluded, and 
the reasons for their exclusion were recorded. The selec-
tion process is illustrated in the Figure. 

Quality Appraisal
A total of 5 original studies were selected for quality 

appraisal. These studies were critically appraised using 
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cases, the duration was not defined or not reported. 
None of the studies monitored the effect of digital 
counseling beyond the end of the intervention period.

Data were gathered using questionnaires and dif-
ferent rating scales before and after medical imaging 
examinations,49-53 although preintervention reporting 
was deficient in some studies.49 The comparator inter-
ventions in the studies were preprocedural information 
provided via verbal instruction49,50 or the standard pre-
paratory procedure used in the imaging facility with52 or 
without preprocedural information.51,53

For a literature matrix on the interventions and 
comparators, visit asrt.org/as.rt?nUtmMa.

Outcome Measures
The most common outcome measure used to evalu-

ate the effectiveness of digital counseling was anxiety of 
the children, their parents, or both. Three studies49,51,52 
reported changes in the anxiety of children undergoing 
medical imaging examinations, their parents, or both. 

mobile applications, and iPad (Apple Inc) applications 
with interactive elements. Two of the interventions 
provided moderate levels of immersion49,51 while the 
remaining 3 offered low levels of immersion.50,52,53 Some 
of the interventions included active immersive elements 
such as the ability to use a head-mounted VR display 
to explore the imaging facility and scanner rooms 
while listening to the voices they would hear during an 
actual MR imaging examination. Other interventions 
included interactive or gamification elements in which 
the children assisted characters in videos with realistic 
3-D animations without using VR or augmented reality 
techniques. Interventions were designed by researchers 
in collaboration with health care professionals working 
in hospitals, patients, or an outside company.

In 3 of the 5 studies, the interventions were imple-
mented immediately before the medical imaging 
examination;49-51 in the other 2 studies, the children 
and their parents had access to the application at home 
before the procedures.52,53 The duration of the interven-
tions ranged from 2 to 5 minutes, although in some 

Identi�cation of studies via databases and registers Identi�cation of studies via other methods

Records identi�ed from:
Databases (n = 3070)

Registers (n = 0)

Records identi�ed from
citation searching (n = 5)
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(n = 2293) Records sought for retrieval (n = 5) Records not retrieved (n = 0)

Records excluded for reasons:
Not related to immersive 

technologies (n = 2)
Not focused on ages 3-21 (n = 1)

Records assessed for eligibility
(n = 5)

Records excluded by 2 researchers (n = 2271)

Records not retrieved (n = 0)
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Research protocol (n = 3)
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Figure. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram illustrating the selection process. 
Abbreviation: RCT, randomized controlled trials. Image courtesy of authors.
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Table 1

Narrative Summary of Search Results
Authors, (year), 
country Purpose

Study 
design Participants Intervention Outcome(s) Main results

Han, Park, Choi, 
Kim, Lee, Yoo, 
Ryu, (2019), 
South Korea49

To evaluate 
the effects of 
VR counseling 
on anxiety and 
distress among 
pediatric patients 
before chest 
radiography and 
on the efficiency 
of the radio-
graphic proce-
dure

Randomized 
clinical trial

Children 
aged 4-8 
years under-
going chest 
radiography 
(n 5 99)

VR video pro-
vided in a 360°, 
3-D virtual envi-
ronment

Children’s 
stress and 
anxiety

The number of less-
distressed children was 
significantly higher in the VR 
group than in the control 
group, and the degree of 
stress and anxiety measured 
with the amended version 
of the Observational Scale 
of Behavioral Distress was 
significantly lower in the VR 
group than in the control 
group.

Ong, Saffari, 
Tang, (2018), 
Singapore50

To reject the 
null hypothesis: 
videos shown 
to children 
before their MR 
imaging had no 
effect on their 
requirement for 
GA, their require-
ment for at least 
1 repeated MR 
sequence, and 
confidence in 
remaining still 
for at least 30 
minutes

Randomized 
clinical trial

Children 
aged 3-21 
years under-
going MR 
imaging 
examination 
(n 5 786)

Regular cartoon 
video; interactive 
cartoon video 
that required 
participation 
from patient; and
combined vid-
eos (ie, regular 
and interactive 
cartoon videos)

Required 
GA, required 
repeated MR 
sequence, 
and confi-
dent of stay-
ing still

There was no significant 
reduction in GA requirement 
in either intervention group 
compared with the control 
group. The need for repeated 
scans was lower in the regu-
lar cartoon video group and 
the combined videos group 
than in the control group. 
The proportion of children 
who were confident in stay-
ing still for an extended 
period increased after watch-
ing the regular cartoon video 
and the combined videos.

Liszio and 
Masuch, (2017), 
Germany51

To investigate 
whether the use 
of a VR applica-
tion before MR 
imaging exami-
nation reduces 
perceived stress 
and anxiety in 
children

Quasi-
experimental 
study

Children 
aged 8-15 
years under-
going MR 
imaging 
examination 
(n 5 13)

Structured VR 
video according 
to the phases of 
play-therapeutic 
strategies

Children’s 
perceived 
stress and 
anxiety

General anxiety was in the 
typical range. Differences in 
the mean State-Trait Anxiety 
Inventory for Children scores 
of all 3 measurement points 
in both groups were not sig-
nificant before and after the 
MR imaging scans.

continued on next page
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Two studies surveyed the self-reported satisfaction 
of children, their parents, or both with the procedures 
and examinations and compared the satisfaction of 
the intervention groups with the control groups.49,52 
Bray et al used a single 10-point visual analogue scale 

Methods used to assess levels of anxiety were the State-
Trait Anxiety Inventory for Children,51 a 10-point visual 
analogue scale for anxiety,52 and the amended version 
of the Observational Scale of Behavioral Distress for 
radiographic procedures.49

Authors, (year), 
country Purpose

Study 
design Participants Intervention Outcome(s) Main results

Bray, Sharpe, 
Gichuru, Fortune, 
Blake, Appleton, 
(2020), United 
Kingdom52

To compare the 
effect of the 
intervention with 
standard proce-
dural information 
on self-reported 
procedural anxi-
ety, knowledge, 
satisfaction, and 
involvement of 
children attend-
ing a planned 
procedure 
in a hospital 
and their par-
ents. Also, to 
determine the 
children’s level 
of engagement 
with the inter-
vention.

Quasi-
experimental 
study

Children 
aged 8-14 
years who 
were attend-
ing a hospital 
for a range of 
procedures 
and their par-
ents (n 5 80)

Digital thera-
peutic platform 
using augment-
ed reality, game-
play, and artificial 
intelligence

Procedural 
anxiety, 
trait anxiety, 
procedural 
knowledge, 
procedural 
satisfac-
tion, and 
procedural 
involvement

There were no differences in 
procedural anxiety between 
the control and interven-
tion groups for parents or 
children at the baseline. 
However, before the proce-
dure, the mean procedural 
anxiety scores of children 
and parents in the interven-
tion group were significantly 
lower than in the control 
group.

Runge, 
Christensen, 
Jensen, Jensen, 
(2018), Denmark53

To evaluate the 
need for GA dur-
ing MR imaging 
of children using 
a multifaceted 
concept that was 
compared with a 
standard setup

Quasi-
experimental 
study

Children 
aged 4-6 
years under-
going MR 
imaging 
examination 
(n 5 81)

Children-
centered care 
concept that 
included 4 
main elements: 
an interactive 
application, a 
pediatric team of 
radiographers, a 
children’s lounge 
with an interac-
tive toy-scanner, 
and a child-
friendly environ-
ment in the MR 
room

The use of 
GA, assess-
ing image 
quality, and 
cost-benefit 
analysis

The use of GA to obtain 
a diagnostic MR imaging 
examination was reduced by 
applying a children-centered 
care concept. The image 
quality in the intervention 
group was identical to that 
for the control group even 
though more than 50% 
of the control group was 
scanned while under GA.

Abbreviations: GA, general anesthesia; MR, magnetic resonance; VR, virtual reality.
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relative to the baseline value, regardless of whether the 
procedure was invasive or noninvasive.52 In parents, the 
level of anxiety was only reduced significantly if the 
children were completing an invasive procedure.52

Liszio and Masuch reported that levels of anxi-
ety in children were low in general in their sample.51 
They found no significant differences in the levels of 
anxiety between the intervention and control groups 
with respect to their studied metrics.51 There were 
no significant differences in the levels of anxiety 
before and after an MR examination for either group 
(F1,11 5 .12, P 5 .733, np2 5 .11) or between par-
ticipants who had experience with MR imaging and 
those who did not (F1,11 5 0.39, P 5 .544, np2 5 .34). 
Although an immediate postintervention reduction in 
anxiety levels was reported for the intervention group 
(M 5 29.0, SD 5 3.95) compared with the control 
group (M 5 27.7, SD 5 6.08), the levels rose again 
in the intervention group after MR imaging was per-
formed (M 5 29.8, SD 5 7.47). The levels of anxiety 
in the intervention group were measured immediately 
after using the VR application and completing the MR 
imaging examination.51

Procedural Knowledge
One study found that levels of self-reported proce-

dural knowledge in children and their parents were 
higher after digital counseling than in the control group 
who received standard information on the imaging pro-
cedure.52 The difference in children was significant; the 
difference in parents was not significantly different but 
showed trends short of significance.

The procedural knowledge of children in the 
intervention group increased significantly relative 
to the baseline and independent of the nature of 
the procedure. It rose from a baseline mean of 
6.10 (SD 5 1.81) to a preprocedure mean of 6.78 
(SD 5 1.38, t30 5 23.760, P 5 .001) among children 
receiving invasive treatments, and from a baseline mean 
of 5.00 (SD 5 1.73) to a preprocedure mean of 6.33 
(SD 5 1.94, t8 5 22.412, P 5 .04) among those receiv-
ing noninvasive treatment.52 Increases in knowledge 
among children and parents in the intervention group 
were not dependent on the number of times the child 
had previously visited the hospital.52 Specifically, among 

for children and their parents.52 Han et al used a numer-
ical scale to define parental satisfaction with the overall 
process (ranging from 0 [very dissatisfied] to 10 [very 
satisfied]).49 Table 2 shows the mean preintervention 
and postintervention scores for studies by patient-
related outcome measure.

Two studies used the need for GA as an outcome 
measure50,53 and reported changes between intervention 
and control groups. The need for GA was determined 
based on subjective assessments made by radiologists 
and radiographers in the participating departments.50,53 
These professionals reported the numbers of successful 
MR examinations without anesthesia.53

The number of cases requiring repeated imaging 
was determined in 2 studies in which the numbers of 
images retaken were recorded.49,50 Imaging was repeated 
if there were artifacts in the MR imaging sequences 
or the images were unsuitable for diagnosis. The need 
for repeated imaging was reported in 1 study focusing 
on chest radiography49 and 1 on MR examinations.50 
Table 3 shows data for studies by imaging-related 
outcome measure.

Other outcome measures used in individual studies 
were the perception of procedural knowledge,52 image 
quality,53 confidence in staying still,50 procedure dura-
tion, and the difficulty of the imaging process.49 The 
tools used to measure these outcomes ranged from 
a single 10-point visual analogue scale to subjective 
reporting by blinded individual evaluators.

Anxiety of Children and Their Parents
One RCT49 and 2 quasi-experimental studies51,52 

reported lower levels of anxiety in children participat-
ing in digital counseling interventions for diagnostic 
imaging when compared with conventional counseling 
methods, although the difference reported in 1 study 
was not significant.51 One quasi-experimental study also 
reported significantly lower levels of anxiety in parents 
in the intervention group.52

Han et al showed that anxiety was significantly 
lower in children who used a VR application before 
undergoing chest radiography than in children who 
received conventional counseling.49 Bray et al observed 
similar results in a study examining a digital therapeutic 
platform; levels of anxiety were reduced significantly 
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Satisfaction With Procedures and Examinations
Two studies reported higher levels of self-reported 

satisfaction with procedures and examinations among 
children and parents in a group receiving digital 
counseling compared with a control group receiving 
conventional counseling, although the difference was 
not significant.49,52 In these studies, satisfaction was 
measured after the procedures were performed.

children who had previously visited fewer than 3 times, 
procedural knowledge increased from a baseline mean 
of 5.69 (SD 5 1.81) to a preprocedure mean of 6.54 
(SD 5 1.4, t25 5 23.528, P 5 .002), while among 
children with 3 or more visits, procedural knowledge 
increased from a baseline mean of 6.14 (SD 5 1.92) to 
a preprocedure mean of 7.14 (SD 5 1.61, t13 5 22.646, 
P 5 .02).52

Table 2

Study Mean Preintervention and Postintervention Scores by Patient-Related Outcome Measure49,51,52

Outcome measure Mean preintervention score (SD) Mean postintervention score (SD) P value

Anxiety Children Parents Children Parents Children Parents

Han et ala

Intervention group (n 5 49) - - 2.0 (3.7) -
.004

-

Control group (n 5 50) - - 5.0 (6.1) - -

Bray et alb

Intervention group (n 5 40) 6.68 (1.51) 5.40 (2.193) 5.82 (1.57) 5.10 (1.919)
.54c / .008d .31a / .05d

Control group (n 5 40) 6.98 (2.70) 6.00 (2.97) 7.15 (2.63) 6.18 (2.836)

Liszio and Masuche

Intervention group (n 5 6) 29.0 (3.95) - 29.8 (7.47) - .675 -

Control group (n 5 7) 27.7 (4.07) - 27.4 (4.61) - .815 -

Procedural knowledge

Bray et alf

Intervention group (n 5 40) 5.85 (1.83) 6.13 (1.70) 6.75 (1.51) 6.28 (1.26)
.006a / , .001b .06a / .01b

Control group (n 5 40) 4.32 (2.66) 5.28 (2.29) 4.36 (2.66) 5.200 (2.267)

Satisfaction of procedures and examinations

Han et alg

Intervention group (n 5 49) - - - 9.4 (1.4) - -

Control group (n 5 50) - - - 8.6 (2.0) - -

Bray et alg

Intervention group (n 5 40) - - 6.88 (2.002) 6.80 (1.800)
.10 .72

Control group (n 5 40) - - 5.98 (2.787) 6.63 (2.457)
a Measured with the amended version of the Observational Scale of Behavioral Distress scale. Less distressed was defined as a score of , 5.
b Measured with a 10-point visual analogue scale: 0 (completely relaxed and calm) to 10 (completely worried and anxious).
c P value measured before intervention.
d P value measured after intervention.
e Measured with the State-Trait Anxiety Inventory for Children. Scores varied from a minimum of 20 to a maximum of 40.
f Measured with a 10-point visual analogue scale. Scores varied from a minimum of 0 to a maximum of 10.
g Measured using numerical rating scales (0 5 very dissatisfied/not at all satisfied to 10 5 very satisfied/completely satisfied).
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Table 3

Imaging-Related Outcomes Among Children Undergoing Diagnostic Imaging and Their Parents49,50,53

Outcome  
measure

Required 
n (%)

Not 
required 
n (%)

Good or  
excellent 
image quality
n (%)

Acceptable 
image quality
n (%)

Confident of 
staying still  
preintervention
n (%)

Confident of  
staying still  
postintervention
n (%)

Mean  
postintervention 
score (SD)

Odds ratio 
(95% CI) P value

Need for general anesthesia

Ong et al

Intervention 
group 1 (n = 257)

35 (13.6) 222 (31.7) - - - - - 1.39 (0.61, 3.15)a

.087cIntervention 
group 2 (n = 262)

20 (7.7) 242 (34.5) - - - - - 0.97 (0.40, 2.35)b

Control group  
(n = 267)

30 (11.2) 237 (33.8) - - - - -

Runge et al

Intervention 
group (n = 41)

2 (5) 39 (95) - - - - -

, .001
Control group  
(n = 40)

23 (57) 17 (43) - - - - -

Need for repeated imaging

Ong et al

Intervention 
group 1 (n = 257)

77 (29.8) 145 (32.7) - - - - - 0.49 (0.33, 0.74)a .001

Intervention 
group 2 (n = 262)

68 (26.4) 174 (39.3) - - - - - 0.36 (0.24, 0.54)b
, .001

Control group  
(n = 267)

113 (43.8) 124 (28.0) - - - - -

Han et al

Intervention 
group (n = 49)

4 (8.2) - - - - - -

0.5 (0.1, 0.9) -
Control group  
(n = 50)

8 (16) - - - - - -

Image quality

Runge et al

Intervention 
group (n = 41)

- - 18 (44) 22 (54) - - - -

.37
Control group  
(n = 40)

- - 22 (55) 17 (43) - - -

Confidence in remaining still

Ong et al

Intervention 
group 1 (n = 257)

- - - 83 (32.3) 137 (53.3) - -

, .001d

Intervention 
group 2 (n = 262)

- - - 76 (29.0) 160 (61.1) -

Control group  
(n = 267)

- - - - - -

continued on next page
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counseling on the need for GA after adjusting for con-
founding effects of age, sex, and previous experience 
with MR imaging.50 However, a comparison of children 
who required GA with those who did not (regardless of 
which treatment group the children belonged to) found 
significant differences with respect to age, sex, and pre-
vious experience of MR imaging.50

Need for Repeated Imaging
Two studies reported effects of digital counseling 

on the need for repeated MR imaging and chest radi-
ography, respectively.49,50 In both studies, the frequency 
of repeated imaging and procedures was lower in the 
intervention groups than in the controls.

Han et al reported a lower incidence of repeated 
chest radiography among an intervention group using a 
VR application than in a control group without digital 
counseling.49 Ong et al showed that children in both 

Need for General Anesthesia
Two studies reported that digital counseling reduced 

the need for GA in children undergoing MR exami-
nations, although the effect was not significant in all 
cases.50,53 Runge et al observed a significant reduction in 
the need for GA,53 but Ong et al did not.50

Runge et al also found that there were more suc-
cessful examinations without GA in the intervention 
groups than in control groups and reported that the 
use of GA declined significantly, from 57% to 5% when 
using a child-centered care concept in children aged 
4 to 6 years.53 The failure of a few examinations without 
anesthesia in the intervention group was because a lack 
of cooperation resulting from the children’s anxiety.53

Ong et al found no significant reduction in the 
frequency at which GA was required when comparing 
2 intervention groups with a control group, and they 
were unable to show a significant effect of digital 

Outcome  
measure

Required 
n (%)

Not 
required 
n (%)

Good or  
excellent 
image quality
n (%)

Acceptable 
image quality
n (%)

Confident of 
staying still  
preintervention
n (%)

Confident of  
staying still  
postintervention
n (%)

Mean  
postintervention 
score (SD)

Odds ratio 
(95% CI) P value

Need for parental presence

Han et al

Intervention 
group (n = 49)

8 (16.3) - - - - -

0.3 (0.1, 0.9) -
Control group  
(n = 50)

18 (36.0) - - - - -

Difficulty of imaging process

Han et al

Intervention 
group (n = 49)

- - - - - 9.2 (1.4) -

-
Control group  
(n = 50)

- - - - - 8.7 (1.8)

Procedure duration

Han et al

Intervention 
group (n = 49)

- - - - - 55.1 (21.6) -

-
Control group  
(n = 50)

- - - - - 75.0 (42.0)

a Multivariable logistic regression analysis adjusted for age, sex, scan duration, and race. Intervention group 1 with regular cartoon video only vs control group 
with no video.
b Multivariable logistic regression analysis adjusted for age, sex, scan duration, and race. Intervention group 2 with interactive video and regular cartoon video vs 
control group with no video.
c Chi-square test for categorical variables; independent t test for continuous variables.
d McNemar’s test for paired variable in each intervention group (confidence before and after the intervention).
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Need for Parental Presence
One study found that digital counseling before 

chest radiography reduced the need for parental pres-
ence.49 Children were allowed to decide for themselves 
whether they needed parental presence, and the number 
of children requiring parental presence was lower in the 
intervention group (ie, those receiving VR counseling) 
than in the control group. Significance testing was not 
applicable in this case.49

Discussion
The purpose of this systematic review was to synthe-

size the best available evidence on the effectiveness of 
digital counseling for patient-related and imaging out-
comes among children undergoing diagnostic imaging 
and their parents. The available evidence suggests that 
digital counseling has some beneficial effect on reduc-
ing anxiety,49,51,52 improving knowledge,52 and increasing 
satisfaction with procedures49,52 for children undergoing 
diagnostic imaging and their parents. In addition, there 
is some evidence that digital counseling has beneficial 
effects on imaging outcomes, including reducing the 
need for GA in children50,53 and increasing the success 
rate of examinations by increasing image quality and 
reducing the need for repeated imaging.49,50,53 A limi-
tation is that few original studies have examined the 
effectiveness of digital counseling in children undergo-
ing diagnostic imaging. Although preparatory methods 
and tools, including play therapy,32 a mock MR imag-
ing examination,33 storybooks, and videos,3 have been 
shown to have positive effects in children preparing for 
a medical imaging examination,32,33 there is limited evi-
dence concerning the use of digital counseling in this 
context. This review has presented some evidence that 
digital counseling also might be an effective method to 
support children preparing for diagnostic imaging and 
their parents.

The studies included in this review examined several 
different digital technologies, which made it difficult to 
compare their results. The digital counseling interven-
tions were classified based on their degree of immersion 
(low, intermediate, and high). In addition, the nature of 
their virtual environments was categorized with respect 
to 5 different aspects of immersion (inclusive, extensive, 
surrounding, vivid, and matching).41 The interventions 

intervention groups (base intervention alone and base 
intervention together with interactive cartoon videos) 
were significantly less likely to need repeated sequences 
during MR examination than those in the control 
group.50 The need for repeated scans was reduced by 
13% (P 5 .005) in the base intervention group rela-
tive to the control group and by 19.6% (P , .001) in 
the combined video group.50 The reduced likelihood 
of repeated sequences remained significant for both 
intervention groups even after adjusting for the poten-
tially confounding effects of age, sex, and scan duration. 
Children who watched regular and interactive videos 
also had a lower incidence of repeated MR imaging 
sequences (26.4%) than those who watched the regular 
video only (29.8%).50

Image Quality
Runge et al found that a digital counseling inter-

vention had no significant effect on image quality in 
MR imaging examinations.53 Excellent or good image 
quality was achieved in 44% of examinations involving 
children in the intervention group, almost all of whom 
were scanned without GA. There was no difference in 
image quality between the control group and the inter-
vention group when only children not requiring GA 
(P 5 .26) were considered.53

Confidence in Ability to Remain Still During Examinations
One study reported the effect of digital counseling 

on children’s confidence in their ability to stay still dur-
ing MR imaging examinations.50 After watching regular 
or combined cartoon videos, the length of time for 
which children were confident that they could remain 
still during imaging was significantly higher than it was 
before watching the videos. However, no data on this 
outcome in the control group were presented.50

Difficulty of the Imaging Process and the Procedure 
Duration

One study recorded scores indicating the difficulty 
of the imaging process and average procedure times 
after using digital counseling in children undergo-
ing chest radiography.49 The VR group had a shorter 
procedure time than did the control group and a lower 
process difficulty score.49



Reprinted from RADIOLOGIC TECHNOLOGY, January/February 2023, Volume 94, Number 3, Copyright 2023 by the American Society of Radiologic Technologists. All rights reserved. 
Used with permission of the ASRT for educational purposes only.

192

Systematic Review

asrt.org/publications

Effectiveness of Digital Counseling Before Pediatric Diagnostic Imaging

This review also found that children’s knowledge 
of procedures was significantly improved by low-
immersion digital counseling using a digital therapeutic 
platform, which allows children to play an active role.52 
Similar results have been obtained in earlier studies. 
Children’s knowledge also was increased significantly 
using animated educational videos on MR imaging,12,43 
and adolescents’ knowledge of radiation therapy was 
improved by interactive VR tours.38 Children reported 
that these interventions made them better informed 
about what to expect in their examinations and how to 
keep still.12 The improvement in parental knowledge 
after these interventions was significant, which is con-
sistent with previous studies in which parents reported 
that VR applications provided positive experiences 
and helped them to better understand their children’s 
examinations and reduced their anxieties.36 Because it 
appears that digital counseling can improve children’s 
and parents’ knowledge, its use in support of oral 
counseling is justified. Such knowledge can strengthen 
senses of security and self-efficacy,40 which are impor-
tant for successful medical imaging examinations, 
especially in children.

The digital counseling applications used in the 
included studies are location-independent, and children 
and their parents can use them as often as they want,49-53 
which might help ensure the provision of sufficient 
counseling before procedures.23 This hypothesis is sup-
ported by the increase in the satisfaction of children 
and their parents observed in 2 of the studies.49,52 In 
addition, digital techniques are typically cheaper than 
approaches such as mock MR imaging.44 Therefore, 
digital counseling has the potential to reduce costs and 
increase efficiency in diagnostic imaging of children.

Using GA is costly and time consuming,20,21 and 
presents several technical and patient-safety issues.19 
The available evidence suggests that digital coun-
seling can help reduce the need for GA in children 
undergoing MR imaging; however, this relationship 
was examined in only 2 of the included studies50,53 and 
found to be significant in 1 of these studies50 and there-
fore cannot be generalized. However, several previous 
studies have shown that preparatory counseling using 
methods such as play therapy32 or a mock MR examina-
tion31,33 can reduce the need for GA before MR imaging 

examined in the included studies had low50,52,53 or 
moderate49,51 immersion levels. However, there is no 
consistent way to measure levels of immersion, and 
there are several differences in the ways various inter-
ventions are delivered and in the natures of their virtual 
environments.41 Based on these findings and the hetero-
geneity of the interventions, more research is needed to 
clarify the effects of interventions for digital counseling 
of children with moderate and high levels of immersion.

One of the main patient-related outcomes consid-
ered in this review was the anxiety of children and 
their parents. A few of the included studies found 
that immersive digital counseling interventions with 
low or moderate immersion levels reduced anxiety 
among such children.49,51,52 These results are consistent 
with previous studies showing that digital counsel-
ing applications reduced anxiety among children and 
their parents.12,36,38,39,43 Children undergoing medical 
imaging examinations might feel negative emotions, 
including anxiety, because of the unknown environ-
ment,14 the long duration of the imaging process, and 
the loud noises that are involved.11,12 These might have 
adverse consequences; in particular, they might make 
children unable to remain still during the exami-
nation, necessitating the use of GA.16 In addition, 
children might have concerns about the examinations 
and their results.12 The available evidence suggests 
that digital counseling can be effective at reducing 
anxiety concerning imaging-related issues, but there 
might be other underlying factors. Multidisciplinary 
health care teams that include child-life specialists in 
pediatric radiology can provide efficient service and 
quality care to patients and families, incorporating 
psychosocial and procedural support.54 Although face-
to-face counseling with human interactions might be 
the most important practical tool for preparing chil-
dren for diagnostic imaging, preparatory counseling 
also has proven to be effective.11 Written instructions 
and booklets with images for children sometimes 
are used to support face-to-face counseling. These 
materials allow children to better understand what 
will happen during procedures.36 Thus, while digital 
counseling is a useful and valuable complement, face-
to-face counseling remains essential when helping 
children prepare for examinations.
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in the PROSPERO database, and authors adhered 
to JBI guidelines closely to ensure transparency and 
minimize reporting bias. The search strategy was 
described thoroughly and implemented with the assis-
tance of an information specialist; gray literature and 
unpublished works were included to avoid publica-
tion bias. All full texts retrieved in the initial searches 
were searched manually to find studies not included in 
major databases. Thus, reviewers made all reasonable 
efforts to detect all relevant studies on the topic. Two 
independent reviewers performed study selection and 
quality appraisal of the selected studies to minimize 
inclusion bias.46

Limitations of this work include the heterogeneity 
of the included studies in terms of the interventions 
examined and the measurement methods applied, as 
well as shortcomings in study reporting, all of which 
complicated comparison of results. Meta-analysis was 
impossible because of the limited number of included 
studies, which might have reduced the reliability and 
generalizability of the results. In addition, not all results 
were significant. Conversely, the search strategy was 
carefully and reliably designed and implemented using 
many preliminary searches and additional searches, 
suggesting that no relevant studies were overlooked. 
Some of the included studies did not report preinter-
vention data, which might have led to reporting bias. 
In addition, different digital technologies were exam-
ined, and the study designs varied widely, preventing 
comprehensive comparison of the preliminary results. 
Nevertheless, this review provides the best information 
currently available on this subject and might be useful 
in developing counseling methods for children under-
going diagnostic imaging.

Conclusions
Digital counseling seems to be an effective method 

for preparing children and their parents for diagnos-
tic imaging. These findings illustrate the importance 
of preparatory counseling and supporting children’s 
preparation by considering their inner needs relating 
to diagnostic imaging. Digital counseling appears to 
be particularly effective at increasing children’s knowl-
edge of the imaging process and reducing their anxiety, 
leading to a reduced need for GA and increasing their 

examinations. Digital counseling also eliminated the 
need for GA and led to positive experiences for chil-
dren and parents in another study.36 Further studies on 
the effect of digital counseling on the need for GA are 
thus warranted.

In addition to alleviating anxiety and fears, success-
ful diagnostic imaging of children requires that the 
child be able to remain still during the examination, 
ideally without the parent being present, especially in 
cases where the parent would be unnecessarily exposed 
to radiation. Human interactions and oral counseling 
might help in these cases, especially when a child-life 
specialist is available to provide distractions and sup-
port for children,54 but there is some evidence that 
digital counseling increased children’s confidence in 
their ability to remain still50 and reduced the need for 
parental presence as well.49 It also reduced the number 
of repeat images required and repeated procedures in 
MR imaging and radiography examinations,49,50 which 
might indicate that digital counseling can increase 
success in examinations and enable high-quality dose 
optimization.5,7 However, most of these findings are 
based on individual studies and thus cannot support 
generalization. Consequently, more research in this area 
is needed.

Han et al explored the effectiveness of a digital 
counseling intervention for children undergoing chest 
radiography, which requires much less preparation than 
does MR imaging or CT examinations.49 However, 
Ong et al and Runge et al showed that the need for 
anesthesia can be reduced by digital counseling in 
preparation for MR scans, which present greater chal-
lenges.50,53 In addition, Bray et al showed that digital 
counseling improved knowledge of procedures whether 
they were invasive or noninvasive.52 Digital counsel-
ing thus seems to be useful for children preparing for 
any type of medical imaging evaluation, as well as their 
parents; however, this conclusion is based on a limited 
number of original studies.

Strengths and Limitations
This review followed ethical principles and good 

scientific practice by conducting honest and meticu-
lous research throughout the research process.55 The 
review was conducted according to a previous protocol 
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confidence in their ability to remain still during imag-
ing. This suggests that digital counseling could be used 
to improve medical imaging examinations of children. 
Further development of digital counseling techniques 
could improve the experiences of children and their par-
ents while reducing costs and risks (particularly those 
associated with the use of GA) and increase the effi-
ciency of diagnostic imaging of children. Because of the 
small number of original studies included in this review, 
further research is needed to confirm the effectiveness 
of digital counseling in children’s diagnostic imaging.
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