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16, 2017 and August 14, 2018 at the pediatric venipuncture unit of a university hospital in Western Turkey. The
sample consisted of 142 children who met the inclusion criteria. The experimental group consisted of 108 chil-
dren divided into three groups: Distraction Cards (DC; n = 35), Virtual Reality (VR; n = 37), and Buzzy®
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Ai{(vivei; s (n = 36). The control group (n = 34) received no intervention during venipuncture. Data were collected
Children using a descriptive characteristics form, and the Visual Analog Scale (VAS), Wong-Baker FACES, and Children's
Nursing Fear Scale (CFS). The participants themselves and their parents and the researcher scored venipuncture pain

and anxiety levels. The study was approved by the Ethics Committee. Permission was obtained from related in-
stitutions. Informed consent was obtained from parents. Verbal consent was obtained from children prior to par-
ticipation.
Results: Buzzy® group had the lowest mean VAS score (2.2 + 2.0), followed by the VR (2.7 4 2.8), DC (3.4 + 24),
and control (5.2 4 2.8) groups (p < 0.05). According to all raters (child, parent, and researcher), the Buzzy® group
had the lowest mean Wong Baker FACES score, followed by the VR, DC, and control groups (p < 0.05). According to
all raters, the Buzzy® group had the lowest mean CFS score, followed by the VR, DC, and control groups (p < 0.05).
Conclusions: The DC, VR, and Buzzy® methods were effective in reducing venipuncture pain and anxiety in children.
Practice implications: Nurses can use the DC, VR, and Buzzy® methods to help reduce venipuncture pain and anxiety
in children.
The clinical trial registration number is NCT04421430. (https://clinicaltrials.gov/ct2/show/study/NCT04421430).
© 2021 Elsevier Inc. All rights reserved.

Procedural pain

Introduction nonpharmacological methods for the effective management and pre-

vention of acute procedural pain in children (Association of Pediatric

Pediatric patients often undergo invasive procedures (intravenous
catheterization, venipuncture, and immunization) that cause pain, anxiety,
stress, and fear during diagnosis and treatment (Ali, McGrath, & Drendel,
2016; Babl et al., 2009; ENA Clinical Practice Guideline Committee, 2019;
Farion, Splinter, Newhook, Gaboury, & Splinter, 2008). Pain has numerous
physiological, mental, and emotional effects, and therefore, pain manage-
ment during such procedures is of paramount importance (Ballard,
Khadra, Adler, Trottier, & Le May, 2019; Brennan, Carr, & Cousins, 2007).
The International Guide to Pediatric Anesthesia (Good Practice in Pos-
toperative and Procedural Pain) recommends pharmacological and
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Anesthesia (APA), 2012). For pain management, nonpharmacological
methods are easy to use and cost- and time-effective with no side effects
(Canbulat, Ayhan, & Inal, 2015). Studies have evaluated a large number
of pharmacological and nonpharmacological interventions for proce-
dural pain management in children. However, most of those interven-
tions are not used by healthcare professionals because they are
expensive, time-consuming, or hard to use (Ballard, Khadra, Adler,
Doyon-Trottier, & Le May, 2018; Fein, Zempsky, & Cravero, 2012;
Leahy et al., 2008). Therefore, easy-to-use, practical, non-invasive,
cost-effective, and reusable nonpharmacological methods, such as dis-
traction cards (DC), virtual reality (VR), and Buzzy®, can be used, espe-
cially in acute settings.

Distraction is considered a simple and effective method that can be
used to distract children's attention from pain during medical


http://crossmark.crossref.org/dialog/?doi=10.1016/j.pedn.2021.01.001&domain=pdf
https://clinicaltrials.gov/ct2/show/study/NCT04421430
https://doi.org/10.1016/j.pedn.2021.01.001
mailto:b.erdogan@outlook.com
mailto:aynur.ozdemir@medeniyet.edu.tr
https://doi.org/10.1016/j.pedn.2021.01.001
http://www.sciencedirect.com/science/journal/
www.pediatricnursing.org

B. Erdogan and A. Aytekin Ozdemir

procedures (Koller & Goldman, 2012). Distraction cards contain various
hidden pictures and patterns (Flippits®, MM] Labs, Atlanta; GA, USA)
and are effective in phlebotomy pain management (Canbulat et al.,
2015; Canbulat, Inal, & Sénmezer, 2014; Inal & Kelleci, 2012a; Sahiner
& Bal, 2016). It was reported that DC with visual stimuli resulted in dis-
traction from medical procedures and helped reduce perceived pain in
children aged 6-12 years (Inal & Kelleci, 2012a). One study investigated
the effect of DC on intramuscular injection pain and anxiety in children
6-11 years of age and reported that the DC group had lower pain and
anxiety scores than controls (Canbulat Sahiner & Tiirkmen, 2019).
Aydin and Sahiner (2017) looked into the effect of music therapy and
DC on phlebotomy pain and anxiety in children aged 7-12 but found
no significant difference in procedural pain and anxiety levels between
the experimental and control groups.

Virtual reality (VR) is a safe and cost-effective distraction
method used in painful procedures in children. VR is a computer-
based 3D virtual environment (Arane, Behboudi, & Goldman, 2017).
Conventional VR systems include a head-mounted device with
3D-enabled goggles, sensory input devices, headphones, or body track-
ing sensors, allowing for a multisensory experience (Li et al., 2017;
Pourmand, Davis, Marchak, Whiteside, & Sikka, 2018). It appeals to dif-
ferent age groups and can be adapted to mobile phones, and therefore,
can be used easily in pediatric care units (Arane et al.,, 2017; Gerceker,
Ayar, Ozdemir, & Bektas, 2020; Gupta, Scott, & Dukewich, 2018). It
reduces pain and anxiety during medical procedures in children,
thereby ensuring better adaptation and treatment adherence (Mahrer,
2018). To date, only a handful of randomized controlled trials (RCTs)
have investigated the effect of VR on venipuncture/phlebotomy pain
management and reported that it helps reduce pain and/or anxiety
during venipuncture/phlebotomy procedures (Aminabadi, Erfanparast,
Sohrabi, Oskouei, & Naghili, 2012; Chan et al., 2019; Dunn et al., 2019;
Gergeker et al., 2020; Gergeker, Binay, Bilsin, Kahraman, & Yilmaz,
2018; Mabhrer, 2018). According to a systematic review and meta-
analysis of the effect of VR on pain and anxiety, although some studies
address the effectiveness of VR on pain, there are very few studies
examining its effect on anxiety, hence, calling for further research
(Eijlers et al., 2019).

Buzzy® (MM] Labs, Atlanta, GE, ABD) is an easy-to-use, reusable,
and fast device designed to reduce injection pain in children. It is a
bee-shaped device consisting of a body and wings. The body part vi-
brates, while the wings apply concentrated cold at the injection site
before the shot (Ballard et al., 2019). Research in the last decade has
focused on Buzzy® and reported that it is effective in injection pain
and anxiety management in children (Baxter, Leong, & Mathew,
2009; Canbulat et al., 2015; Gergeker, Binay, et al., 2018; Inal &
Kelleci, 2012a; Moadad, Kozman, Shahine, Ohanian, & Badr, 2016;
Potts, Davis, Elci, & Fein, 2019; Redfern, Chen, & Sibrel, 2018;
Schreiber et al., 2016; Whelan, Kunselman, Thomas, Moore, &
Tamburro, 2014). A systematic review shows that Buzzy® can eas-
ily be used for injection pain management in clinical practice, but
that more RCTs are needed to gain more insight into the effective-
ness of Buzzy® due to limited quality evidence in the literature
(Ballard et al., 2019).

Pain and anxiety management requires a multidisciplinary team, of
which nurses are a crucial part. The American Society for Pain Manage-
ment Nursing (ASPMN) stipulates that nurses are responsible for using
pharmacological and nonpharmacological methods for pain manage-
ment before, during, and after painful procedures (Czarnecki et al.,
2011). Therefore, this study aimed to determine the effect of three dif-
ferent methods (DC, VR, and Buzzy®) on venipuncture pain and anxiety
in children aged 7-12 years.

Research hypotheses

The hypotheses were as follows:
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H;. The DC group will have less venipuncture pain than the control
group.

H,. The DC group will have less venipuncture anxiety than the control
group.

Hs. The VR group will have less venipuncture pain than the control
group.

H,. The VR group will have less venipuncture anxiety than the control
group.

Hs. The Buzzy® group will have less venipuncture pain than the control
group.

Hg. The Buzzy® group will have less venipuncture anxiety than the
control group.

H,. The DC, VR, and Buzzy® methods will affect venipuncture pain in
children at varying levels.

Hsg. The DC, VR, and Buzzy® methods will affect venipuncture anxiety
in children at varying levels.

Methods
Design and setting

This was an RCT with parallel groups conducted between November
16, 2017 and August 14, 2018 at the pediatric venipuncture unit of a
university hospital in Western Turkey (ClinicalTrials.gov registration).
The study adhered to the CONSORT guidelines (Schulz, Altman,
Moher, & CONSORT Group, 2010). Using a block randomization method,
160 children aged 7-12 years were randomized into four groups; Dis-
traction Cards (DC; n = 35), Virtual Reality (VR; n = 37), Buzzy®
(n = 36), and control (n = 34). It was the age group of choice because
children of that age group are open to co-operation and are curious
about technology.

Sample size and randomization

Power analysis was performed using G*Power to ascertain whether
the number of samples would be sufficient to detect significant differ-
ences. The power analysis revealed a power of 98% with an effect size
of 0.40 (large) at a significance level of 0.05 (Faul, 2014), indicating
that a sample size of 160 would be sufficient to detect significant differ-
ences. Six children from the control group, five from the DC group, three
from the VR group, and four from the Buzzy® group were excluded
from the study either because venipuncture could not be completed at
the first attempt or because children or their parents withdrew from
the study. Therefore, the final sample consisted of 142 children. Fig. 1
shows the flow diagram of sampling.

Research shows that age, gender, and fear affect procedural pain and
anxiety in children (Ball, Bindler, & Cowen, 2010; Twycross, 2009).
Therefore, the variables of age (7-9 and 10-12 years), gender (girls
and boys), and fear of procedure (yes and no) were used for block ran-
domization. The blocks were repeated five times in each group, and 40
participants were assigned to each. A 2X2X2X5 blocked randomization
list was developed using an online randomization tool (Sealed Envelope
Ltd., 2018). The researcher was not blinded to the group allocation be-
cause she performed the randomization herself.

Participants

The inclusion criteria were (1) being between the ages of 7 to
12 years, (2) literate, and (3) requiring blood tests. The exclusion
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Fig. 1. Flow of study.

criteria were (1) having chronic diseases, (2) hospital stay for treat-
ment, (3) visual, audio, or speech impairments, (4) mental disorders,
(5) history of sedative, analgesic, or narcotic use within 24 h before ad-
mission, and (6) inflammatory disease during admission (Fig. 1).

Ethical considerations

The study was approved by the Ethics Committee. Permission was
obtained from the institution. Participants were informed about the
purpose and procedure of the study prior to participation and that
they could withdraw from the study at any time without explanation.
Informed consent was obtained from parents. Verbal consent was ob-
tained from children prior to participation.

Data collection tools

Data were collected by the researchers using a descriptive char-
acteristics form, and the Visual Analog Scale, the Wong-Baker
FACES Pain Rating Scale, and the Children's Fear Scale. The descrip-
tive characteristics form was based on a literature review to elicit
information on children's and their parents' descriptive character-
istics (Aydin, Sahiner, & Ciftci, 2016; Canbulat et al., 2015; Redfern
etal.,, 2018).
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Visual analog scale (VAS)

The Visual Analog Scale (VAS) developed by Hayes and Patterson
(1921) is used to measure and monitor pain intensity. It is a 10 cm or
100 mm long horizontal or vertical line with anchor statements “no
pain or pain at its least” at the left-most end and “unbearable pain or
worst pain imaginable” at the right-most end. The participant is asked
to mark a point on the line that best represents their pain level. The
VAS score is determined by measuring (in cm) the distance of the
mark from the left end of the line. VAS is an easy-to-understand and
easy-to-measure scale for children aged seven or older (Wewers &
Lowe, 1990).

Wong-Baker FACES pain rating scale (WB-FACES)

The Wong-Baker FACES Pain Rating Scale (WB-FACES) was devel-
oped by Wong and Baker in 1981 and revised in 1983. The scale is
used to diagnose pain in children aged 3-18 years. It consists of six facial
expressions, each one representing an increasing degree of pain scored
on a scale 0 to 5 from left to right (0 = very happy/no pain, 5 = the
worst pain imaginable). The first face is a happy face representing “no
pain” (0), while the last face is a crying face representing “the worst
pain imaginable” (5). Higher scores indicate low pain tolerance. Partic-
ipants are asked to choose the facial expression that best represents
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Wong-Baker FACES® Pain Rating Scale
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Fig. 2. WB-FACES (Wong & Baker, 1988).

their pain (Fig. 2) (Wong & Baker, 1988). The WB-FACES is a robust
measure for the Turkish population (Gergeker et al., 2020; Sahiner &
Bal, 2016; Sahiner, Inal, & Akbay, 2015). The scale was assessed using
self-report and reports from the parents and the researcher in this
study.

Children's Fear Scale (CFS)

The Children's Fear Scale (CFS) was developed by McMurtry, Noel,
Chambers, and McGrath (2011) and adapted to Turkish by Gergeker,
Binay, et al. (2018). It consists of five facial expressions representing a
range from neutral (0) to extreme fear (4). Both researchers and family
members can use the CFS to measure fear and anxiety in children before
and during procedures (Fig. 3) (McMurtry et al., 2011).

Distraction Cards (DC)

The Distraction Cards (DC) (Flippits1, MM] Labs, Atlanta, Georgia,
ABD) contain various hidden pictures and patterns visible only when
looked at carefully. During a procedure, the child is expected to focus
on the cards and answer the questions asked about what they see in
them (Aydin et al,, 2016; Inal & Kelleci, 2012a). In this study, DCs with
5 x 8 cm pictures and shapes were used (Fig. 4).

Virtual Reality (VR)

Virtual reality (VR) isolates the user from real life and allows them to
visit a three-dimensional world. Virtual reality is a 360-degree audiovi-
sual simulation that surrounds the user and allows them to look around
in all directions (Minute et al., 2012). In this study, the VR intervention
was performed using a smartphone (Samsung Galaxy Note 5 N920,
Android 5.1.1, Lollipop Processor: Quad-core 1.5 GHz Cortex-A53 &
Quad-core 2.1 GHz Cortex-A57), VR glasses (7.66 x 5.50 x 4.32 in.,
weigh 0.414 kg, Cyber, VR BOX 3.0), and a headset (Samsung Galaxy,
microphone, Bluetooth, wired). The VR intervention was a 3D Dinosaur
animation appropriate for the age group. The VR glasses have a 4-6

Fig. 4. Distraction cards (Flippits1, MM] Labs, Atlanta, Georgia, ABD).

in screen compatible with 10S/Android operating systems and
smartphones.

Buzzy®

In this study, Buzzy® (MM] Labs, Atlanta, Georgia, USA) was used for
local cold application and vibration as a pain relief measure (Fig. 5).
Buzzy® applies high-frequency vibration and concentrated cold at the
injection site for procedural pain management and distraction before
the shot in children and adults. Buzzy® is an 8X5X2.5 cm reusable med-
ical device with a battery for vibration and cold application. It has ice-
pack wings to numb the injection site before the shot. The ice pack is
stored in the freezer and inserted into the device before the procedure.
After the procedure, it is wiped up with 70% alcohol and then put back in
the freezer (Baxter et al., 2009).
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Fig. 3. Children's Fear Scale (McMurtry et al.,, 2011).
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Fig. 5. Buzzy® (MM] Labs, Atlanta, Georgia, USA).

Cold application and vibration begin before the procedure and con-
tinue until the end. Vibration causes numbness, paranesthesia, and an-
esthesia, and thereby reducing or eliminating pain. Cold application
slows or blocks the electrical signals in the peripheral nerves, and
hence, reduces pain, and also activates the gate-control mechanism
and stimulates the touch receptors, increasing the release of endoge-
nous opioids, and thus, provides pain relief (Dickenson, 1995).

Procedure

The blood collection room, which was decorated with cartoon char-
acters and animated visual elements, consisted of three pediatric veni-
puncture units, each of which had a nurse. Only one of those units
was used in the study. Each participant was admitted to the unit with
their parent seated in the chair next to the venipuncture seat. The veni-
puncture unit had the same environmental conditions (phlebotomy
seat, heat, light, noise, etc.).

The researcher used the descriptive characteristics form in face-to-
face interviews to collect data on participants and their families. Data
collection lasted about five minutes. Participants were randomly
assigned to the groups. The researcher informed the participants and
their parents about the nonpharmacological methods and the scales
(VAS, WB-FACES, and CFS).

Venipuncture was performed by a volunteer nurse with at least five
years of experience in pediatric venipuncture in accordance with the
procedures of the venipuncture unit. The nurse did not have a conflict
of interest. The same pediatrician made the venipuncture decision. No
pharmacological painkillers were administered before, during, or after
venipuncture. Venipuncture was performed on the first try at the
antecubital site using a 21 Gauge x 1.5-in. needle. The procedure ad-
hered to the procedures of the blood collection service.

Immediately after the procedure, participants completed the VAS
and WB-FACES (pain levels) and CFS (anxiety levels). Meanwhile, a vol-
unteer parent and the researcher observed the participants' behavior
and completed the WB-FACES and CFS. The procedure took about
three minutes in all groups.

The control group (n = 34): The control group received the routine
venipuncture procedure and did not receive any other nonpharma-
cological intervention.

The distraction card group (n = 35): Just before the venipuncture,
participants were allowed to check the cards and were asked what they
saw in them. The distraction interventions started just before the
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venipuncture and continued until the end of the procedure. Participants
were asked several questions, such as “How many eyes can you find?,
How many big red dots in squares do you see?, and How many small
black dots are above the diamonds?,” to which only those who checked
the cards carefully could provide correct answers. The questions were
translated into Turkish by an English-speaking expert because partici-
pants did not speak English. The DC intervention and venipuncture
were terminated at the same time.

The virtual reality group (n = 37): The VD participants put on the
VR glasses and headsets about two minutes before the venipuncture
and watched the 3D Dinosaur Animation movie throughout the proce-
dure. The VR intervention and venipuncture were terminated at the
same time.

The Buzzy® group (n = 36): Buzzy® was placed on the injection
site (antecubital fossa) of the Buzzy® participants, and cold application
and vibration were turned on 60 s before the procedure. After the 60 s,
the nurse moved Buzzy® about 3 cm above the injection site and ap-
plied a tourniquet and performed the procedure. Buzzy® was on
throughout the procedure. The Buzzy® intervention and venipuncture
were terminated at the same time.

Analysis

Data were analyzed using the Statistical Package for Social Sciences
(SPSS Inc., Chicago, IL, USA) for Windows (version 18.0) at a significance
level of 0.05. Normality was tested using skewness and kurtosis coeffi-
cients. The results indicated that the data were normally distributed.
Data were analyzed using percentage distributions, mean, standard de-
viation, chi-square test, variance analysis, and effect size. For further
analysis, group variances were determined using Levene's test. A post
hoc Bonferroni test was used in the case of equal variances, while
Dunnett's T3 pairwise comparison post hoc test was used to determine
significant differences in the case of unequal variances.

Results

The mean age of participants (n = 142) was 9.38 £ 1.65 years
(min: 7; max: 12 years). The DC, VR, Buzzy®, and control participants
had a mean age of 9.20 £ 1.62,9.48 £ 1.75, 9.44 & 1.66, and 9.38 +
1.63, respectively. Half of the controls were aged 7 to 9 years, 52.9%
were girls, and 52.9% stated that they were not afraid of getting shots.
More than half of DC participants (54.3%) were aged 7 to 9 years,
51.4% were girls, and 54.3% stated that they were afraid of getting
shots. More than half of VD participants (54.1%) were aged 10 to
12 years, 54.1% were boys, and 51.4% stated that they were afraid of get-
ting shots. More than half of Buzzy® participants (55.6%) were aged 7 to
9 years, 52.8% were girls, and half of them stated that they were not
afraid of getting shots. Participants were compared in terms of mean
age, age group, gender, and fear of venipuncture. There was no statisti-
cally significant difference between the control, DC, VR, and Buzzy®
groups (p > 0.05) (Table 1).

The groups were compared for their mean VAS, WB-FACES, and CFS
scores (Table 2). Participants (self-report) and their parents and the
researcher completed the scales. The Buzzy® group had the lowest
mean pain score (VAS = 2.2 4+ 2.0; WB-FACES / self-report = 0.9 +
0.9, parent-report = 0.8 4 0.9 and researcher report = 0.8 £ 0.9),
followed by the VR, DC, and control groups. There was a significant dif-
ference in pain scores between the groups (p < 0.05). The effect sizes
were as follows: m2(VAS) = 0.157 (small effect size), n2(WB-FACES/
self-report) =0.215 (small effect size), n2(WB-FACES/parent-report)
=0.462 (medium effect size), 12(WB-FACES/researcher-report) =
0.516 (medium effect size) (Table 2).

The Buzzy® group had the lowest mean anxiety score (self-report =
0.5 + 0.6, parent-report = 0.5 + 0.6 and researcher report = 0.5 + 0.6),
followed by the VR, DC, and control groups. There was a significant dif-
ference in anxiety scores between the groups (p < 0.05). The effect sizes
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Table 1
Comparison of groups according to the children's descriptive characteristics and venipuncture-related characteristics.
Characteristics Control group DC group VR group Buzzy® group x2 P
(n = 34) (n = 35) (n = 37) (n = 36)
n % n % n % n %
Age (Mean + SD)* 9.38 + 1.63 9.20 + 1.62 948 £ 1.75 9.44 + 1.66 F = 0.203 0.894
Age group 0.842
7-9 years 17 50.0 19 54.3 17 459 20 55.6 0.833
10-12 years 17 50.0 16 45.7 20 54.1 16 444
Gender 0.925
Female 18 52.9 18 51.4 17 45.9 19 52.8 0.472
Male 16 471 17 48.6 20 54.1 17 47.2
Fear of venipuncture 0.946
Yes 16 471 19 54.3 19 51.4 18 50.0 0.374
No 18 52.9 16 45.7 18 48.6 18 50.0
Total 34 100.0 35 100.0 37 100.0 36 100.0

? Mean =+ Standard Deviation.

were as follows: n2(CFS/self-report) =0.255 (medium effect size), 12
(CFS/parent-report) =0.400 (medium effect size), N2(CFS/researcher-
report) =0.503 (medium effect size) (Table 2).

The groups were compared pairwise for their mean VAS, WB-FACES,
and CFS scores (Table 3). According to all raters, there was a statistically
significant difference in pain and anxiety scores between all experimen-
tal groups and controls (p < 0.05). According to the parent and re-
searcher report, there was a significant difference in pain scores
between the DC and Buzzy® groups (p < 0.05). According to all raters,
there was a significant difference in anxiety scores between the DC
and Buzzy® groups (p < 0.05). There was no significant difference in
pain and anxiety scores between the DC and VR groups and between
the VR and Buzzy® groups (p > 0.05) (Table 3).

Discussion

This study investigated the effect of three nonpharmacological
methods (DC, VR, and Buzzy®) on venipuncture pain and anxiety in
children 7-12 years of age. This is the first study to examine and com-
pare the performance of DC, VR, and Buzzy® methods on venipuncture
pain and anxiety in children. Besides, venipuncture pain and anxiety
were assessed by the participants themselves, their parents, and the re-
searcher. The results show that all three methods help reduce venipunc-
ture pain and anxiety in children.

Distraction cards are an effective distraction method used in medical
procedures (Canbulat et al., 2015; Inal & Kelleci, 2012a). Our results
show that the DC participants had lower pain and anxiety scores than
controls. This result supported the first and second hypothesis (The
DC group will have less venipuncture pain and anxiety than the control
group). Few RCTs investigate the effect of DC on venipuncture pain or
anxiety in children of similar age group (Aydin et al., 2016; Aydin &
Sahiner, 2017; Canbulat et al., 2014; Inal & Kelleci, 2012a; Inal &
Kelleci, 2020; Sahiner & Bal, 2016; Tork, 2017). Those studies have

reported that DC helps with IV procedure (venipuncture, phlebotomy)
pain and anxiety in children (Canbulat et al., 2014; Inal & Kelleci,
2012a; Inal & Kelleci, 2020; Sahiner & Bal, 2016; Tork, 2017). Another
RCT divided children 6-12 years of age (n = 218) into four groups (con-
trol, Buzzy®, DC and Buzzy® + DC groups) and examined the effect of
those distraction methods on venipuncture pain and reported that the
DC and Buzzy® + DC groups had lower pain scores than controls (Inal
& Kelleci, 2020). Tork (2017) investigated the effect of three distraction
methods (Buzzy®, DC, and balloon inflating) on venipuncture pain and
anxiety relief in children 7-12 years of age and reported that the DC
group had lower pain and anxiety scores than controls. Our results con-
firm the results of earlier RCTs.

Our results showed that VR is another effective method that helps
reduce venipuncture pain and anxiety in children. This result supported
the third and fourth hypothesis (The VR group will have less venipunc-
ture pain and anxiety than the control group). Few RCTs investigate the
effect of VR on venipuncture/phlebotomy pain and anxiety manage-
ment in children (Chan et al.,, 2019; Gergeker et al., 2020; Gerceker,
Binay, et al., 2018; Mahrer, 2018), and only two of them address the ef-
fect of VR on both procedural pain and procedural anxiety (Gerceker
et al,, 2020; Mahrer, 2018). Eijlers et al. (2019) conducted a systematic
review and meta-analysis of the effect of VR on pain and anxiety in chil-
dren and suggested that more research is warranted. Gergeker et al.
(2020) focused on the effect of VR on venipuncture pain, fear, and anx-
iety in children 5-12 years of age (n = 136) and concluded that VR is
effective in venipuncture pain, fear, and anxiety relief. Mahrer (2018)
examined the effect of VR on venipuncture pain, anxiety, and satisfac-
tion in children 10-21 years of age (n = 143) and reported that VR
helped reduce acute procedural pain and anxiety, confirming the results
of two earlier RCTs.

This study also investigated the effect of Buzzy® on venipuncture
pain and anxiety relief in children. Buzzy® is an easy-to-use, fast, non-
invasive, cost-effective, and reusable method for procedural pain and

Table 2
Comparison of procedural pain and anxiety scores of the study groups.
Scale Reporter Control group DC group VR group Buzzy® group F P Effect size 95% CI
(n = 34) (n = 35) (n = 37) (n = 36) (m2)
Mean + SD* Mean + SD Mean + SD Mean + SD
VAS Self-report 52428 34+ 24 27 +£28 22 +£20 8.537 <0.001 0.157 2.93-3.85
WB-FACES Self-report 25+ 1.7 14 + 1.2 09 + 0.9 09 + 09 12.635 <0.001 0.215 1.21-1.68
Parent report 33+ 13 16 +£ 13 0.8 + 0.9 0.8 + 0.9 39.486 <0.001 0.462 1.38-1.89
Researcher report 35+ 1.1 16 + 1.3 08 + 0.9 0.8 +£ 09 49.123 <0.001 0.516 1.43-1.94
CFS Self-report 20+ 14 1.2 £ 09 0.7 £ 0.7 05 + 0.6 15.753 <0.001 0.255 0.94-1.32
Parent report 26 £13 1.3+ 1.0 0.8 + 0.8 05 + 0.6 30.625 <0.001 0.400 1.08-1.50
Researcher report 28 + 1.0 1.2 + 09 0.7 + 0.8 0.5 + 0.6 46.575 <0.001 0.503 1.11-1.53

¢ Mean =+ Standard Deviation.
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Table 3
Pairwise comparisons of the study groups.
Scale Reporter Control-DC Control-VR Control-Buzzy® DC-VR DC- Buzzy® VR- Buzzy®
p p p p p p
VAS Self-report 0.029 0.001 0.000 1.000 0.373 1.000
WB-FACES Self-report 0.025 0.000 0.000 0.307 0.274 1.000
Parent report 0.000 0.000 0.000 0.059 0.027 0.999
Researcher report 0.000 0.000 0.000 0.050 0.022 0.999
CFS Self-report 0.025 0.000 0.000 0.158 0.021 0.948
Parent report 0.000 0.000 0.000 0.157 0.002 0.533
Researcher report 0.000 0.000 0.000 0.152 0.004 1.000

These p-values are corrected for multiple comparisons as promised in the data analysis.

anxiety management, especially in acute care settings where there is
limited time to prepare for injection procedures (Ballard et al., 2019).
Our results showed that the Buzzy® group had significantly lower veni-
puncture pain and anxiety scores than the control group. This result
supported the fifth and sixth hypothesis (The Buzzy® group will have
less venipuncture pain and anxiety than the control group). Few RCTs
investigate the effect of Buzzy® on IV (venipuncture/phlebotomy)
pain and anxiety in children of similar age in our study (Bergamo,
Scudeller, Pintaldi, & Molin, 2018; Canbulat et al., 2015; Gergeker,
Binay, et al., 2018; Inal & Kelleci, 2012b; Inal & Kelleci, 2020; Moadad
et al., 2016; Tork, 2017). Most of those trials focus on the effect of
Buzzy® on procedural pain, whereas only a few address the effect of
Buzzy® on procedural anxiety (Bergamo et al., 2018; Canbulat et al.,
2015; Inal & Kelleci, 2012b; Tork, 2017). Earlier studies have shown
that Buzzy® helps with IV (venipuncture, phlebotomy) pain and anxi-
ety in children. Ballard et al. (2019) conducted a systematic review to
investigate the effect of Buzzy® on injection pain management and ar-
gued that studies in this area offered limited quality evidence, and
therefore, more RCTs are warranted to better understand the effect of
Buzzy® on procedural pain and anxiety (Ballard et al., 2019).

Bergamo et al. (2018) looked into the effect of nonpharmacological
methods (Buzzy®, cartoons, Buzzy® + cartoons) on venipuncture
pain management in children 5-12 years of age (n = 160). They
found that all those nonpharmacological methods were effective in ve-
nipuncture pain and anxiety relief in children. Another RCT investigated
the effect of three methods (Buzzy®, DC, and balloon inflating) on veni-
puncture pain and anxiety relief in children 7-12 years of age (n = 180)
and reported that the Buzzy® group had lower pain and anxiety scores
than the control group (Tork, 2017). Canbulat et al. (2015) (n = 176)
and Inal and Kelleci (2012b) (n = 120) found that Buzzy® helped re-
duce venipuncture pain and anxiety in children. Our results confirm
the results of earlier RCTs.

Distraction cards and virtual reality helped reduce venipuncture
pain and anxiety in children. According to McCaul and Malott
(1984), the brain has a limited capacity to concentrate on external
stimuli, and thus, focusing on a distracting task reduces its capacity
to pay attention to painful stimuli. They also suggest that distraction
triggers an internal pain suppression system and alters nociceptive
responses. Buzzy® applies vibration and cold to reduce procedu-
ral pain, which can be accounted for by the gate control theory
(Melzack & Wall, 1965), which suggests that pain is transmitted
from the peripheral nervous system to the central nervous system,
where it is modulated by a gate system in the dorsal horn of the spinal
cord. The afferent pain-receptive nerves (A-delta fibers carrying
acute pain and unmyelinated slower C fibers carrying chronic pain
messages) are blocked by fast non-noxious motion nerves (A-beta)
(Kakigi & Shibasaki, 1992). Prolonged cold stimulates the C fibers
and may block the A-delta pain signals. Cold may also activate
supraspinal mechanisms, raising the overall pain threshold (Nahra
& Plaghki, 2005). There is a positive correlation between procedural
pain and anxiety, and therefore, interventions for reducing proce-
dural pain impact procedural anxiety as well (Twycross, 2009). This
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can explain why DC, VR, and Buzzy® effectively reduced venipunc-
ture pain and anxiety in children.

All groups were compared pairwise. The results showed that all ex-
perimental groups (DC, VR, and Buzzy®) had lower pain and anxiety
scores than controls. The comparison of all nonpharmacological
methods showed that Buzzy® is better at reducing procedural pain
and anxiety than DC, according to the parents' and researcher's report.
This result supported the seventh and eighth hypothesis (The DC, VR,
and Buzzy® methods will affect venipuncture pain and anxiety in chil-
dren at varying levels). Buzzy® shows both external thermomechanical
stimulation and distraction effects in children (Canbulat et al., 2015;
Moadad et al., 2016). Buzzy® is more effective in reducing procedural
pain and anxiety than DC, which can be accounted for by the bidirec-
tional nonpharmacological effect of the former. Gerceker, Ayar,
Ozdemir, and Bektas (2018) compared the groups pairwise and found
a significant difference in pain scores between the VR and Buzzy®
groups and the control groups but found no difference in pain scores be-
tween the VR and Buzzy® groups. Inal and Kelleci (2020) found that
Buzzy® was more effective than DC. Our results also support these
two studies.

The advantages of DC and VR are that they are cost-effective, reus-
able, and easy to access. However, they have two disadvantages. First,
apart from the nurse performing the painful intervention, additional
staff should be present to manage DC and VR. Second, hygiene measures
to eliminate the risk of infection may be money- and time- consuming
(Aydin et al., 2016; Canbulat et al., 2015; Chan et al., 2019; Gergeker
et al., 2020; Inal & Kelleci, 2020; Mahrer, 2018; Tork, 2017).

The strengths of Buzzy® are that it is user-friendly, reusable,
fast, and does not require any staff other than the nurse performing
the painful intervention. However, it is more costly than the other
two methods because its battery and 100-use ice-pack wings
should be periodically replaced. Its another weakness is that hy-
giene measures to eliminate the risk of infection may be money-
and time- consuming (Ballard et al., 2019; Bergamo et al., 2018;
Tork, 2017). Although Buzzy® is an expensive method, its advan-
tages should not be overlooked. Besides, DC and VR require more
staff other than nurses performing the intervention, which is an ad-
ditional financial burden. Earlier studies have also shown that
Buzzy® is better at reducing procedural pain in children than
other nonpharmacological methods, which is also confirmed by
our results (Bergamo et al., 2018; Gerceker, Binay, et al., 2018;
Inal & Kelleci, 2012b; Inal & Kelleci, 2020; Moadad et al., 2016;
Tork, 2017). Therefore, Buzzy® is a promising method for pain re-
duction. Children's age, developmental stage, interests, and prefer-
ences should be taken into account to choose the best
nonpharmacological method to reduce procedural pain and anxiety
in children (Koller & Goldman, 2012).

Implications for nursing practice

The DC, VR, and Buzzy® methods can be safely used for venipunc-
ture pain and anxiety relief in children. Those methods significantly
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reduced our participants' venipuncture pain and anxiety. Buzzy® was
more effective than DC. Future studies should investigate the effects of
those nonpharmacological methods on different painful procedures in
children of different ages and also conduct cost-performance analysis.
Evidence-based guidelines and protocols should be developed to use
those nonpharmacological methods for procedural pain and anxiety
management in clinics.

Limitations

The study has three limitations. First, it was not double-blinded be-
cause the researcher herself randomized the participants into the
groups. However, pain and anxiety levels were scored by more than
one rater to reduce researcher bias. Second, the participants, their par-
ents, and the researcher were not blind to the assessment of pain and
anxiety. Third, the sample size was small, and therefore, the results
are sample-specific and not generalizable to all venipuncture proce-
dures in children.

Conclusions

The DC, VR, and Buzzy® groups had less procedural pain and anxiety
than controls, indicating that they are effective methods that can be
used to reduce procedural pain and anxiety. Buzzy® is more effective
than DC. The fact that venipuncture pain and anxiety were assessed by
three different raters (child, parent, and researcher) makes the evidence
more cogent. This is the first randomized control trial to investigate the
effect of DC, VR, and Buzzy® on venipuncture pain and anxiety in chil-
dren. The results indicate that those methods can be safely used for ve-
nipuncture pain and anxiety management in children 7-12 years of age.
It is now time to explore how to integrate those methods into painful
interventions.
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