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Abstract

Management of pediatric hospital fear and procedural pain is challenging. Distraction techniques are
considered as one of the most effective non-pharmacological ways to alleviate children’s pain. The aims
of the study were to examine the characteristics of children’s hospital fear and assess the efficiency of
holograms in reducing pain during medical procedures. Fifty-one children participated (mean age 8.62
years; SD=4.94). Parents answered the children’s hospital fear questionnaire. Nurses assessed children’s
pain with The Face, Legs, Activity, Cry, Consolability (FLACC) Scale during medical procedures before and
after initiating holograms. HYPERVSN holographic solution with 31 different 3D animations was applied.
Results showed that parents described high hospital fear scores (7-10/maximum 10) in 45.1% of children.
Fifty-five percent of parents considered venipuncture as the most frightening procedure. Interestingly,
the number of children with high fear scores increased with age (p<0.0001). Also, the results revealed
parents’ incapability of dealing with children’s fears. Children’s pain scores during medical procedures
were significantly lower after viewing holograms- pain reduction 4.01 points (out of 10). Therefore, the
study shows great promise in applying hologram technology as a new effective distraction technique for
reducing children’s fear and pain during medical procedures.
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Introduction

Medical fears have been identified as a common subcategory of fear in children [1] and,
unlike other types of fear, may increase with age [2]. Fear is an emotion that is thought to
arise as an alarm to a dangerous and/or life-threatening situation [3]. Hospital surroundings
create fear in children, mostly when associated with invasive and painful medical procedures,
which increase their distress in the following hospital visits in the future [4,5]. Management
of medical fear and procedural pain is a challenging and complex mission in children.
Different hospital procedures are often painful and scary for children in various age-groups.
Children’s fears about medical procedures are multifaceted. Research has shown that the
most prevalent fears have been associated with needle procedures (injections, blood tests)
as these were accompanied by immediate pain [6-9] and can increase pain perception [10].
A study by Salmela [8] revealed that 91% of children expressed at least one fear related to
medical procedures, from which 28% of children were afraid of being a patient because it
was associated with pain and 29% were frightened by various nursing activities [8]. Fear of
needles could continue into adulthood and induce avoidance behaviours [7,8]. Children were
also frightened in new and incomprehensible situations when meeting medical staff, who are
mostly unfamiliar to them [8,11]. Furthermore, children who had previously been exposed to
medical procedures reported even more fears than children who had not been to a hospital
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[8]. Surgical procedures further increased medical fear and stress
in children of all ages [12].

Children’s fear and pain levels have been assessed in various
invasive procedures [5,13]. Specifically, during needle procedures
in children from their own and their parents’ perspectives. The
results showed that the needle-related fear level was as high as
the pain level reported by children themselves [14], however, the
parents perceived that the children experienced more fear than pain
during needle insertion [15]. Still, further analysis revealed that
younger children themselves reported their fear levels to be higher
than their pain [14]. Nonpharmacologic techniques in procedural
pain and fear relief are generally divided into physical and
behavioral techniques. Physical techniques include examples such
as massage and counter stimulation; behavioral techniques such
as communication before or during the procedure and distraction
[16,17]. Efficacy of physical techniques, such as balloon inflation,
ball squeezing, and coughing during venipuncture procedures
in children aged 7-12 years was confirmed [18]. As an example
of behavioral intervention, children participated in a medical
playgroup prior to surgical procedures which demonstrated
significant reductions in anxiety and self-reported fear level [12].
Moreover, therapeutic play has also had a positive effect on fear
and anxiety levels in children with liver transplantation [19], and
finger puppet play has been recommended for use by nurses and
parents for reducing the fear of surgery in children [20]. One way
to alleviate a child’s fear during a medical procedure is distraction
and care provided by parents [21]. Parent and nurse directed
distraction have shown some benefit [22,23], but may not be as
effective when the distractor lacks specific training or is unable to
focus on the distraction of the child [24,25].

Furthermore, distraction techniques are considered as one of
the most effective non-pharmacological ways to alleviate a child’s
pain and distress during a medical procedure [26-28]. In a study
by Nasab [29], parents reported that distraction was one of the
important environmental factors in reducing their children’s
hospital fear. Research conducted in clinic waiting areas has shown
that positive distraction leads to a significant increase in calm
behaviour in children [30]. The effectiveness of distraction lies in
the perception of the painful stimuli, which is hindered by diverting
the child’s attention to an attractive element [27,31]. This is based
on the Gate Control Theory, stating a link between perception of
pain and level of attention devoted to the stimulus affecting the
painful experience [32,33]. Thus, using distractions with multiple
sense engagement, such as auditory and visual, may catch the
child’s attention through more than one sense engaging methods.
These include coaching, toys, television, music, storytelling, and
technology-based interventions such as tablets, computers, or
virtual reality (VR) [25,27,34,35]. The use of a certain method
depends on the child’s age, developmental stage, and the type of
procedure [36]. For example, VR goggles could not be used in all
groups of children, as most of the headset manufacturers’ have
set the age limit to 7 years and older. One modern technique in
distraction could be using holographic videos or holograms. A

holographic display uses a spatial light modulator with an encoded
hologram to reconstruct a 3D scene by the interference of light. The
holographic display reconstructs the 3D scene in depth and enables
accommodation and convergence of the eyes [37]. Holograms are
captivating and holographic mobile-based applications have had
a significant impact on children’s motivation in the classroom
[38]. Altogether, data implies that it is important to develop and
establish practical methods to be used in children that would
decrease children’s medical fear and pain levels. Therefore, we
have developed and first introduced the holographic technique as a
new method of distraction in children to help alleviate pain and fear
during medical procedures.

Hypotheses and Aims

The following hypothesis were formed: children suffer from
significant hospital fears reported by their parents and they are
most afraid of needle-related procedures; children’s fear scores
(reported by the parents) are associated with their pain scores
(reported by the nurses) during the medical procedures; expressing
fears in procedures depends on each child’s characteristics, the
child’s age, the parent’s fear scores, and the type of procedure;
higher parental fear is associated with higher scores of fear in
children; children whose parents have not prepared them at home
or prior to the procedure express more fear and pain; children’s fear
and pain levels are significantly higher before watching holograms
compared to the condition after hologram-based distraction
(assessed by parents and nurses); holograms can reduce parents’
fear scores during the child’s hospital procedure. Little is known
about the content and causes of children’s hospital-related fear
estimated by parents, and about the effectiveness of developing new
distraction methods. Based on this, we set the following aims: to
examine hospital fear and procedural pain levels in children based
on the parents’ questionnaires and nurses’ reports; to determine
the potential relationship between hospital fear and the child’s
age, type of procedures performed, and parents’ own fear levels; to
investigate the impact of information given by parents to children
before hospital visits to reduce the child’s fear; to investigate the
efficiency of the holographic display method, the newest non-
pharmacological hospital fear mitigation approach.

Methods

The study was designed to gather information on the structure
of hospital fear via questionnaires from parents/guardians of
the children and to assess children’s pain scores during hospital
procedures. The study was carried out between January 2020 and
September 2020 in Tartu University Hospital’s Children’s Clinic, in
the Department of General Pediatrics and Neurology. The study was
approved by The Research Ethics Committee of the University of
Tartu (approval number 302/M-11).

Participants

The study group consisted of 51 randomly selected children
(mean age of the children was 8.62 years; SD=4.94). The children
were admitted to the hospital for various reasons with 28 different
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diagnoses, the most common was epilepsy (n=13). The procedures
that were recorded in the study were the following: vaccination;
other procedures utilizing a needle (venipuncture, inserting a
cannula, removinga cannula, etc.); ear, nose, and throat examination;
wound care; auscultation and ECG; blood pressure measurement;
and others. Children’s pain levels were assessed at the beginning
of the procedure before distraction and after the intervention was
implemented. The questionnaire for parents/guardians of children
was answered by 51 parents, pain scores were assessed by nurses.
Parental written informed consent and child’s verbal agreement to
participate in the intervention was obtained.

Parents’ Questionnaire

The study utilized a questionnaire created by the authors
(considering cultural background) to parents or guardians.
The questionnaires were sent out and completed by parents
retrospectively after the procedures using Redcap software. The
questionnaire sent to the children’s parents/guardians recorded
the type of medical procedures that had been performed and
whether the procedure was painful or not. The questionnaire also
indicated the general characteristics of the children, such as easily
excited; worried or mostly brave and cheerful; etc. The parents were

asked in detail what procedures created the most fear and pain in
their children, how they have prepared their child before hospital
visits, and what distraction techniques and devices could reduce
medical fear. The questionnaire included a 10-point Likert scale to
assess the fear level of the child and the parent. A Likert scale is a
type of psychometric response scale in which responders specify
their level of agreement to a statement typically in five points: (1)
Strongly disagree; (2) Disagree; (3) Neither agree nor disagree; (4)
Agree; (5) Strongly agree. As one aim of the study was to evaluate
the efficacy of a novel hologram system used in this study, the
questionnaire furthermore inquired whether the children had seen
the hologram system and how parents and their children reacted
to it.

FLACC Pain Scale

The pain level scores during the procedure and after viewing the
hologram were assessed by the nurses performing the procedure.
The pain scores were assessed with The Face, Legs, Activity, Cry,
Consolability Scale. The FLACC scale assesses the children in the
aforementioned five categories and can allocate 0, 1, or 2 points in
each category, which are then added to acquire a behavioral score.
Each patient must be observed for at least 2-5 minutes (Table 1).

Table 1: Scoring criteria under the five categories of the FLACC Scale.

Scoring
Categories
0 1 2

. . . Occasional grimace or frown, withdrawn, Frequent to constant frown,

Face No particular expression or smile L. . L .
disinterested clenched jaw, quivering chin

Legs Normal position or relaxed Uneasy, restless, tense Kicking, or legs drawn up

Activity Lying quietly, normal position, moves easily Squirming, shifting, back and forth, tense Arched, rigid, or jerking

Cry No cry (awake or asleep) Moans or whimpers, occasional complaint Crying steadily, screams or sobs,
frequent complaints
. Reassured by occasional touching, hugging, or -
Consolability Content, relaxed being talked to, distractable Difficult to console or comfort

ten.

Each of the five categories (F) Face; (L) Legs; (A) Activity; (C) Cry; (C) Consolability is scored from 0-2 which results in a total score between zero and

Hologram System

Figure 1: The illustration of 3D holographic images applied in the procedure room.
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The study concentrated on evaluating the efficacy of the
HYPERVSN all-in-one 3D holographic solution in reducing the fear
and procedural pain of young patients through distraction. The
holographic display is a four-ray rotor that spins fast enough to
result in a convincing 3D holographic image. Sound-tuned, high-
technology video projectors produce high-definition 3D visuals
with a realistic holographic effect and the management platform
allows the creation of various unlimited 3D holograms [39]. The
intervention with holograms was standardized. Children were
displayed 31 different holographic 3D animations and images
in specific order, selected by authors. The animations were also
accompanied by sounds and music. Holograms were shown during
the procedure/examination. At the time, the children did not
receive any other intervention methods. The hologram system
was installed in the treatment room of Tartu University Hospital’s
Children’s Clinic, in the Department of General Pediatrics and
Neurology (Figure 1).

Data Analysis

The statistical analysis was performed using the statistical
package SAS Version 9.4 and program R 4.0.2. The Kolmogorov-
Smirnov test was used for the assessment of normality. Statistical
comparisons between non-normally distributed continuous

variables were performed with Wilcoxon-Mann-Whitey test.
To examine the association between variables, the Pearson’s
correlation, Spearman correlation, simple linear regression
analysis, and Fisher’s Exact Test were used. Paired Sample’s T-Test
or Test of Symmetry was conducted to assess whether longitudinal
changes in groups were significantly different. The confidence level
was set to p<0.05. We controlled the false discovery rate (FDR) to
be lower than 5% by using linear step-up procedure for multiple
t-tests. Only p-values that are below the adjusted FDR significance
threshold are therefore significant.

Results

Characteristics of Children’s Hospital Fear and Pain

1) The parents assessed the fear scores of their children on a
10-point Likert scale based on the child’s latest hospital procedure.
The results showed that the parents reported the highest possible
fear scores (7-10 points) for 45.1% of the children (n=23, Table
2). The percent of children with higher fear scores significantly
increased with age (Fisher’s Exact Test p<0.0001), which means
that older children were reported to have higher fear scores
compared to younger children (Table 2 & Figure 2). The fear level
7 and above was reported among 58.3% of the children aged 12-18
years compared to 33.3% in children aged 0-3 years (Table 2).

Table 2: The relationship between the level of hospital fear and the age of the child.

Intervals Children’s Age During the Latest Medical Procedure (Years)
s‘c’;lfee‘a_ Total 0-3y 4-7y 8-11y 12-18y
10) N % N % N % N % N %
03-Jan 14 27.50% 7 58.30% 4 25.00% 2 18.20% 1 8.30%
06-Apr 14 27.50% 1 8.30% 6 37.50% 3 27.30% 4 33.30%
10-Jul 23 45.10% 4 33.30% 6 37.50% 6 54.50% 7 58.30%
Total 51 100.00% 12 100.00% 16 100.00% 11 100.00% 12 100.00%

10

Level of hospital fear on a 10-point Likert scale

T T T
10 15 20

Figure 2: The relationship between the level of hospital fear and the age of the child (simple linear regression model
with 95% confidence limits, p=0.0072, R-Square=0.12).
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The mean fear level was highest in the oldest children’s group:
6.8 points out of 10 in children aged 12-18 years- and lowest in the

youngest children’s group: 4.2 in children aged 0-3 years (Table 3
& Figure 3).

Table 3: Characteristics of the parents’ assessment of their children’s fear levels on a 10-point scale in different age-

groups.
Age Groups Mean Fear | Lower 95% | Upper 95% . Lower Upper .
(years) N Level CL for Mean | CL for Mean LGB Quartile Quartile Min Max
0-3y 12 4.2 2.1 6.2 2.5 1.5 7.5 1 9
4-7y 16 5.5 4.2 6.8 5 3.5 7 2 10
8-11y 11 6 4.4 7.6 7 4 8 2 9
12-18y 12 6.8 5.2 8.3 7.5 5 9 2 10
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Figure 3: Distribution of the children’s fear levels between different age groups.

Interestingly, there did not exist a significant association
between the children’s age and the number of procedures that they
had gone through (p=0.97) therefore, the higher fear scores of the
older children could not be explained by their higher participation
in the procedures during their life. The potential relationship
between children’s hospital fear scores and the parents’ fear scores
was analyzed. There was not a statistically significant association
between the children’s and parents’ fear scores: the Pearson
correlation coefficient r=0.1779, p=0.212.

2) The association between children’s fear scores reported
by the parents with children’s pain scores reported by the nurses
was examined. There were no significant differences between

the fear and pain levels in children assessed by the parents and
the nurses before the hologram distraction (Test of Symmetry,
p=0.072). Therefore, the parents assessed their children’s fear
scores to be similar to the nurses’ assessment of pain scores in
the same children. Thus, higher scores of fear are associated with
higher pain perception in children.

3) Additionally, the relationship between different medical
procedures and children’s fear was analyzed. In total, the highest
percent of the parents (55%, n=28) reported that their child
was most afraid of the venipuncture (Table 4). The same vast
venipuncture fear occurred in 61% of children (n=14) in the highest
fear level (scores 7-10 out of 10) group.

Table 4: Painful procedures and the children’s fear levels assessed by parents.

lntsecl:lrzl(sltzfll;e)ear Total h}t;:‘;f::i?lsg ((::;lg:;l:l:ilgn Vaccination/Injections Venipuncture Other
N % N % of row | % of col N % of row | % of col N % of row | % of col % of row | % of col
total total total total total total total total
1..3 14 | 27% | 1 7% 14% 3 21% 38% 7 50% 25% 21% 38%
4..6 14 | 27% | 3 21% 43% 2 14% 25% 7 50% 25% 14% 25%
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7..10 23 | 45% 13% 43% 3 13% 38% 14 61% 50% 3 13% 38%
Total 51 | 100% 14% 100% 8 16% 100% 28 55% 100% 8 16% 100%

4)  Furthermore, the effect of parental preparation of children
for a hospital visit was studied. Interestingly, the Wilcoxon-Mann-
Whitney test revealed that children whose parents had prepared
them at home or prior to the medical procedure in some way did
not express significantly less fear compared to the children whose
parents had not prepared them for the upcoming procedure
[median 5.5 (3.5-8.0) vs 3.0 (2.0-5.0), p=0.15].

Efficiency of the Novel Hologram Method

In assessing the efficiency of the new hologram technique, we
found significant positive changes in children’s reduced pain scores
on FLACC scale (p<0.0001) (Table 5). The results showed that the
pain scores of most of the children were lower after initiating the
hologram distraction during the procedure compared to their initial
pain level score before the hologram. Further analysis showed that
the hologram distraction eliminated the pain: children’s pain scores
were reduced to zero in 57% of the children who presented with
pain scores 4-6 on FLACC scale before seeing the hologram during
the painful procedure (Table 5).

Table 5: Children’s fear levels on FLACC scale before and
after the hologram distraction during procedures.

After Initiating the Hologram

FLACC 1-3 4-6 7-10 Total
score N N N N N
Total 30 19 2 0 51
Prior to 0 1 0 0 0 1
hologram 1-3 8 3 0 0 11
initiation 46 17 10 ) 0 29
7-10 4 6 0 0 10

In a detailed analysis of the children’s pain scores on FLACC
before and after initiating the hologram technique, the results
showed that the mean reduction of pain level was 4.01 points
(95% CI: 3.5-4.6) (Figure 4) therefore, after using the hologram,
the children’s pain scores were statistically significantly lower (4
points on average, Paired Samples T-Test, p<0.0001) (Table 4).

-8 -6

T T T
-4 2 0

Difference of children's pain levels

Figure 4: Differences in children’s pain levels on FLACC scale before and after initiating the hologram technique.
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Figure 5: Association of the positive effect of the hologram technique for the children and their parents.
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The nurses’ feedback revealed that directing attention to the
hologram helped to facilitate the procedure.

According to the parents, hologram technology significantly
helped to reduce their child’s fear levels during medical
procedures. An additional analysis with the parents’ feedback
questionnaire showed that after initiating the hologram, reduction
of the children’s fear scores was significantly associated with their
parents’ fear reduction - the parents that reported a higher positive
effect of the hologram for their child also reported higher calming
effect to themselves (Figure 5) (Spearman correlation r=0.80475,
p=0.0003).

Discussion

Previously, research has found that management of medical
fear and procedural pain in children is a challenging and complex
mission. The child’s perception of coping with fear during medical
procedures grows with well-being, which is related to positive
images, play, humor, natural environment, learning, and receiving
presents [8,40]. In the current study, we found that 45.1% of the
children in the study group had high scores of medical fear (7-10
points out of ten) reported by their parents. An important result
of this study was that the levels of fear in children were related
to the age of the child - children’s fear levels increased with age.
Remarkably, the mean fear level was highest in the oldest children’s
group: 6.8 points out of 10 in children aged 12-18 years- and
lowest in the youngest children’s group: 4.2 in children aged 0-3
years. Previously have been found that medical fears induce further
avoidance behaviors in patients over time [8], and these children
who had previously participated in fearful medical procedures have
reported more fears than children who had not been to a hospital
[8]. We did not find a significant association between the children’s
age and the number of procedures that they had gone through-
therefore, the higher fear levels of the older children’s group could
not be explained by their higher participation in the procedures
during their life. This may be instead related to a lack of preparation
for children in the healthcare processes and treatment of fear in the
past. Thus, we can confirm that medical fears, unlike other types
of fear in children, may increase with age as previously reported
by Gullone [2]. Different hospital procedures are often painful and
scary for children in various age-groups. Previously, researchers
have shown that the most prevalent fears have been associated
with needle procedures. In the current study, when considering
different types of procedures, in all age groups 55% of the parents
reported that their child was most afraid of venipuncture. Like
many authors have emphasized, children need an extra level of
preparation in the healthcare processes. Their primary need is to
know that they are safe and given age-appropriate information
to reduce fear and anxiety [41]. Our results showed that children
whose parents had prepared them at home or prior to the medical
procedure did not express significantly less fear compared to
the children whose parents had not prepared them. Our study
furthermore confirms the parents’ lack of ability to deal with
children’s hospital fears, which could mean that the parents do not
have enough knowledge of how to prepare their children. It means

that parents need instructions and education in this field and more
available information. Developing parental and future medical
professionals’ expertise for dealing with hospital fear and pain is
an important area. Also, educating children about the upcoming
medical procedure by watching an animated video or a cartoon
about the procedure is effective in reducing children’s perceived
level of fear and pain during an intervention [42].

In the current study, for the first time according to our
knowledge, the novel hologram system was utilized and proved
to be an effective distraction technique in children for fear and
pain reduction during hospital procedures. The holographic
technique was effective for children in all age groups, including
smaller children aged 10-13 months. In addition, procedures like
measuring blood pressure and Botox therapy were also easier to
be conducted using the hologram method. It should be added that
the parents reported the calming effect of the hologram viewing on
themselves. We believe that looking at the holograms with music,
the multiple senses are involved and in addition to distraction, may
improve children’s emotional state, attention, and perception of
control over pain. Compared to cartoons on screens, the holograms
could be more attractive to children, because of novelty and spatial
characters. Referring to previous studies- the more a child is
active and engaged in the activity of distraction methods, the more
effective the results might be [43]. In summary, the interest in more
interactive and engaging methods of distractions increases [44].
We highly recommend that healthcare providers would use new
distraction techniques, like holograms, during children’s hospital
procedures. After releasing our preliminary results, five additional
departments in our clinics and four other hospitals in the country
started using the hologram technique in everyday practice [45-47].

Limitations

We would recommend continuing research and studies in
this field with larger sample sizes and various diagnoses and age
groups. Furthermore, developing distraction methods that more
specifically consider the child’s age and apply multi-sensory
techniques to children in older age groups by engaging senses like
touch and scent.

Conclusion and Clinical Message

This study shows great promise in using new hologram
technology as a distraction method into hospital fear and pain
management by significantly reducing children’s fear and pain
scores during procedures. Finding new solutions for children’s
hospital fear is an important topic as it would make the hospital
experience less stressful for children and their parents, also
benefiting the work of the medical staff and increasing the quality
of medical services. As children’s fears of medical procedures are
multifaceted, we recommend creating multimodal approaches to
engage children during procedures and even before the hospital
visit, e.g., starting from home by using web-based applications.
Because knowledge of fear and pain management in parents is still
quite inadequate, effective educational efforts in this area would be
recommended.
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