
    

SCIENTIFIC PAPERS 

 

Published under a CC BY 4.0 license (https://creativecommons.org/licenses/by/4.0/). 

15.9.2026      FinJeHeW 2026;18(3) 349 

Effectiveness of a gamified mobile health intervention for 

children and parents in pediatric day surgery: Randomized 

controlled trial  
 

Arja Rantala1,2,3, Hilkka Liedes4, Jaakko Tervonen5, Anna-Leena Vuorinen6, Pekka Lahdenne7, Minna 

Pikkarainen8,9, Otto Helve10, Tarja Pölkki2,3 

1 Oulu University of Applied Sciences, Oulu, Finland; 2 Research Unit of Health Sciences and Technology, 

University of Oulu, Finland; 3 Medical Research Center Oulu, University Hospital and University of Oulu, 

Oulu, Finland; 4 VTT Technical Research Centre of Finland Ltd, Oulu, Finland; 5 VTT Technical Research 

Centre of Finland Ltd, Espoo, Finland; 6 Unit of Health Sciences, Faculty of Social Sciences, Tampere Uni-

versity, Tampere, Finland; 7 New Children’s Hospital, Helsinki University Hospital, Helsinki, Finland;  
8 Oslomet, Oslo Metropolitan University, Oslo, Norway; 9 Martti Ahtisaari Institute, Oulu Business School, 

University of Oulu, Finland; 10 Finnish Institute for Health and Welfare (THL), Helsinki, Finland 

Arja Rantala, Oulu University of Applied Sciences, Kiviharjuntie 8, FI-90220 Oulu, FINLAND. Email:  

arja.rantala@oamk.fi 

Abstract  

This study assesses the effectiveness of a gamified mobile health intervention designed for the pediatric 

day surgery pathway in reducing children's anxiety, fear, and pain, as well as reducing parents' anxiety 

and increasing parental satisfaction. The study was conducted as a two-arm randomized controlled trial 

(RCT). Children aged 7–12 years (n=40) and their parents, equal to the number of children, were recruited 

from the day surgery unit of a university hospital in Finland between August 2020 and August 2021. The 

control group (n=20 children) received routine care, including a parental mobile care path solution (the 

BuddyCare App) to inform parents about procedures in the children's day-surgery pathway. Whereas, the 

intervention group (n=20 children) received the same routine care with a parental care path solution and 

an additional mobile game (the Triumf Game App) designed to help children cope with anxiety, fear, and 

pain during the day surgery process. Assessments were conducted before the treatment at home, at the 

hospital before and after the treatment, and at home 7 days after treatment. 

In total, 86 were found eligible for this RCT study, and 40 participated. Median age of participants was 9.5 

[IQR: 8.0–11.0] years and 15 (39%) were girls. In the control group median mYPAS scores were 32.0 (at 

the hospital before the treatment), 38.0 (during induction before anaesthesia), and 28.0 (in the recovery 

room). The corresponding numbers for the intervention group were 33.0, 43.0, and 28.0. No statistically 

significant differences were observed in mYPAS scores between the intervention and control group (all p-

values >0.5). Furthermore, secondary outcomes (children´s fear and pain and parent´s anxiety and satis-

faction) did not differ statistically significantly between the intervention and control group. 
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A gamified health intervention may not be superior to routine care in reducing children’s anxiety, fear, 

pain, or parents’ anxiety and satisfaction. Routine care, including a parental care path solution, prepares 

parents and children for day surgery and boosts treatment-related satisfaction. This approach may be safe 

and support digital transformation in healthcare settings, such as hospitals. 

Keywords: anxiety, children, pain, randomized controlled trial, mobile applications, internet-based inter-

vention, gamification 

Introduction 

Day surgery is a short-term hospital visit in which a 

patient arrives for surgical treatment and returns 

home on the same day, often within 12 hours of the 

procedure [1,2]. Children require information [2,3] 

and preparation for the upcoming surgery [4,5]. Up 

to 75% of all children feel anxiety and fear before 

treatment [6,7]. Children`s fear or anxiety may be 

related to a fear of needles [8], regarding anaesthe-

sia [9,10], pain [11], day surgery treatment itself 

[10,12], sense of powerlessness [9], or leaving them 

without parents [10]. Children´s age is related to 

anxiety level; younger children experience more 

anxiety than school-aged children [13]. Children use 

behavior to communicate about their feelings. 

Common behaviors are withdrawal or crying [13], 

lack of cooperation, and even regression [12,14]. 

Children´s preoperative anxiety is related to post-

operative pain and behavior [15,16]. The more anx-

ious children are, the more pain they experience 

[16]. Children´s temperament type [17] and 

younger age are related to the amount of fear be-

fore treatment [18], and all children need age-spe-

cific information about upcoming surgery [3].  

Parents also require relevant information about the 

procedure [19,20] to prepare their children and 

themselves [21] which can help reduce children’s 

healthcare-induced trauma [22]. Hospital-based 

surgical treatments are not only stressful for par-

ents but also potentially traumatic for them [17]. 

This heightened preoperative parental anxiety can, 

in turn, negatively affect children’s anxiety, 

emotional responses [23], and parental satisfaction 

with hospital care [24]. Research suggests that pa-

rental presence during children’s anaesthesia in-

duction may help reduce children´s anxiety, while 

higher social functioning among children appears to 

increase satisfaction with hospital care [25].  

However, preparing children for day surgery does 

not always reduce children's or parents’ anxiety 

[18], and parents need coping strategies to alleviate 

parental stress [25]. Web-based mobile health in-

terventions, including educational components, are 

effective in helping children prepare for surgery 

[10].  mHealth interventions can serve as an infor-

mation source for day surgery treatment [26], pro-

vide postoperative guidance and care [26,27], and 

act as reminders for pain medications [28]. Their 

proper use is cost-effective, reducing readmissions 

after surgery [29,30]. They can provide a virtual op-

erating room experience before the actual surgery 

[31], serve as a distraction before anaesthesia [32] 

and help alleviate anxiety and postoperative pain 

[33–35]. Serious games can be used as educational 

tools [36,37] and as entertainment [37] treatment 

of school-aged children in health care [36]. Games 

distract children from painful procedures [36,37], 

and can decrease children's anxiety towards the 

coming procedure [38]. 

Digital interventions, including mobile applications 

and digital guidance, have demonstrated potential 

to reduce anxiety [39] and improve procedural un-

derstanding in pediatric and adolescent popula-

tions [30]; however, their implementation remains 
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incomplete [29], and improper use may pose risks 

to patient safety [19]. Only a few studies [40–42] 

have investigated solutions that prepare both chil-

dren and parents for the day-surgery path.  

In our study, we hypothesized that children, who 

received a gamified mobile health intervention (the 

Triumf Game App), would experience less anxiety 

and fear before day surgery and feel less post-sur-

gical pain than children in the control group. Addi-

tionally, we hypothesized that the parents of these 

children would be more satisfied with the care and 

less anxious before surgery than those whose chil-

dren did not receive the Triumf Game App.  

Methods 

Study design 

We conducted a two-arm randomized controlled 

trial (RCT) in Finland. The study was planned ac-

cording to the recommendations outlined in the 

CONSORT-EHEALTH statement. The RCT was regis-

tered at ClinicalTrials.gov: NCT04277299, and the 

protocol was published previously [43]. 

Recruitment and randomization 

The study population consisted of children sched-

uled for elective day surgery at a tertiary care pedi-

atric hospital in Finland (New Children's Hospital, 

Helsinki University Hospital). Participants were re-

cruited between August 2020 and August 2021. Po-

tential participants were screened by a research 

nurse using the hospital treatment queue. Families 

who agreed to participate were asked brief ques-

tions regarding the child’s reading ability, 

smartphone access, and relevant health conditions. 

After enrolment, the corresponding author ob-

tained the child’s consent, and the child was ran-

domly allocated to the intervention or the control 

group. No specific recruitment criteria were applied 

to parents. Only one parent per child was included, 

as all parental data in the study were stored on a 

single mobile device.  

The participants were randomly assigned to the in-

tervention and control groups using stratified block 

randomization, with children stratified by age (7–9 

or 10–12 years) and permuted blocks of sizes 2, 4, 

and 6. The allocation ratio was 1:1. The allocation 

sequence was concealed in opaque, sealed enve-

lopes until both children and parents consented. 

The research team could not know to which group 

the child had been allocated.   

Inclusion and exclusion criteria 

Participant inclusion criteria for this study were: 

age between 7 to 12 years old, scheduled for elec-

tive day surgery, ability to read and write in Finnish, 

accompanied by their parents (either mother or fa-

ther or both) during the perioperative period, ac-

cess to a smartphone or tablet with Android oper-

ating system, no cognitive or learning disabilities, 

nor any chronic illness or pain requiring special 

medical care.  

Sample size calculation 

In previous studies [7,44], up to 75% of all children 

have been reported to experience anxiety before 

day surgery. We anticipated that the proportion of 

children suffering from preoperative anxiety would 

decrease from 75% to 40% as a result of the gami-

fied mobile health intervention. Attrition rates in 

postoperative settings range from 12%–60% [45–

47]. A Fisher's exact test - assuming a two-sided al-

pha level of 0.05, 80% power, estimated 74 partici-

pants would have been required for our study. In 

addition, we added a drop-out rate of 40%; the re-

quired sample size for the study was 124 (62+62) 

[43].  
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Description of intervention and routine care 

The control group received routine care, which in-

cluded a parental care path solution BuddyCare 

App (Buddy Healthcare Ltd Oy, Helsinki, Finland), 

routinely used at the study hospital. The BuddyCare 

App, digitalized care paths for children undergoing 

day-surgery treatment, was personalized by the 

child´s treatment type. BuddyCare for parents was 

available on both Android and iOS. 

The intervention group received routine care to-

gether with a gamified mobile application, Triumf 

Game App (Triumf Research OÜ, Tartu, Estonia) de-

signed for school-aged children. The study protocol 

provides a detailed description of the intervention 

[43]. 

The Triumf Game App combines fun mini-games 

and educational activities to teach children about 

emotional regulation, social skills, and physical 

health, while also providing information about up-

coming day-surgery treatments. It also allows chil-

dren to take a virtual tour to the hospital where 

they will receive treatment. The children used the 

Triumf Game App to educate themselves about 

their treatment for a period of 1 to 4 weeks. The 

Triumf Game App has been previously tested on a 

smaller number of children with chronic diseases 

and was considered valuable [48]. In the game, chil-

dren were asked to protect Triumfland from the 

Disease Monster, and they had the opportunity to 

practice emotional regulation, coping skills, prob-

lem-solving, activity-based learning, behavior 

change techniques, and psychotherapeutic meth-

ods in a playful, hands-on way. The game environ-

ment enabled the delivery of personalized, re-

search based content to educate, with the 

objectives of enhancing understanding of treat-

ment, promoting autonomous motivation, and dis-

traction during children´s care path. 

The current study used the Triumf Game App ver-

sion modified for day surgery treatment. Instruc-

tions for downloading the Triumf Game App were 

shared through the BuddyCare App and parents 

could download it on their mobile phones from the 

Google Play Store. 

Data collection and outcomes 

All study data collected during the care path, from 

preoperative to postoperative, were obtained 

through the BuddyCare App. The research nurse 

and corresponding author had access to a nursing 

view of the BuddyCare App, via which they were 

able to update children’s personal care paths. The 

corresponding author modified the treatment 

pathway for children in the intervention arm by 

adding instructions for the Triumf Game App. The 

research nurse was unable to view the study arms 

from BuddyCare and was thus blinded to the study 

arms.  Before initiating the RCT, authorization to 

use selected validated instruments (mYPAS, 

CPMAS, parental STAI-Y) was obtained from the 

original researchers and were translated into Finn-

ish.  

Primary outcome 

The primary outcome was children's anxiety meas-

ured with mYPAS (The modified Yale Preoperative 

Anxiety Scale), which is a valid measurement instru-

ment including specific behaviors indicating chil-

dren's anxiety in five domains (activity, emotional 

expressivity, state of arousal, vocalization, and use 

of adults) [49] with a range of 23.3–100, higher 

score indicating higher anxiety. A score of 30 or 

greater indicates presence of anxiety [50]. mYPAS 

has been found to be reliable in previous studies 

[51,52], with Cronbach's α values of 0.93 in the 

holding area and at anaesthesia induction, reflect-

ing excellent internal consistency [52]. The mYPAS 

instructions were translated into Finnish for this 
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study and used for the first time in Finland. Prior to 

the RCT, the translated scale was reviewed and 

tested by a multidisciplinary research team (n = 3) 

using 10 videotaped real-life preoperative situa-

tions to assess functionality and interpretability. 

Consensus scoring was achieved, after which a re-

search nurse conducted a field test in a hospital set-

ting, confirming the measure’s functionality and 

suitability for Finnish hospital environments. 

mYPAS was measured by the research nurse via the 

nursing view of the BuddyCare at three time points: 

before the procedure at the hospital, during induc-

tion before anaesthesia, and in the recovery room. 

Secondary outcomes 

Children's fear was measured using the validated 

CPMAS (Children's Perioperative Multidimensional 

Anxiety Scale) [53], an age-appropriate, self-report 

measure of pediatric perioperative fear for children 

aged 7–13 years. The CPMAS is a visual analogue 

scale (VAS) comprising 5 items, each scored on a 0–

100 scale. Preoperative CPMAS questionnaire con-

sisted of five items: worry, fear, nervousness, fear 

of hurt, and worry that something terrible might 

happen. The translated CPMAS was pilot-tested 

with a small sample of children aged 4–14 years (n 

= 9) before this RCT study, who found the scale val-

uable and understandable in the Finnish environ-

ment. Preoperative CPMAS was measured at home 

1 day before and in the hospital before treatment. 

In postoperative CPMAS questionnaires, the fear of 

hurt is irrelevant and, therefore, was not asked. 

Postoperative CPMAS was measured at home at 1 

and 7 days postoperatively. The total score of the 

CPMAS was the sum of individual items; thus, the 

total score of the preoperative CPMAS ranged from 

0 to 500, and the postoperative CPMAS ranged 

from 0 to 400. CPMAS has been found to be a valid 

measurement Cronbach's α ≥ 0.80, ICC = 0.71) [53].  

Children's postoperative pain was evaluated using 

a modified Pain Scale, which included the Numeri-

cal Rating Scale (NRS), Verbal Rating Scale (VRS), 

and Faces Pain Scale, all displayed on the same 

screen [43].  The children could rate their pain in-

tensity by swiping the scales on the parental care 

path solution with their fingers. Additionally, the 

color of the scale changed as the children swiped 

their fingers across it. Children's postoperative pain 

was measured in the recovery room after children's 

treatment and at home three times: days 1, 3, and 

7 after the treatment.  

Parental anxiety was evaluated using the STAI-Y 

questionnaire (The State-Trait Anxiety Inventory, 

form Y), a self-report questionnaire consisting of 

two 20-item scales that provide separate measures 

of anxiety [54,55]. The STAI-Y is a valid question-

naire for testing adult anxiety and has been tested 

in a previous study [56] and has been found to have 

a good internal consistency (Cronbach's α; state = 

0.93, trait = 0.92) [57]. aSTAI-Y ranges between 20 

and 80, with higher values indicating higher anxiety. 

The STAI-Y was measured before the treatment, on 

the day of the treatment, and after the treatment. 

Parental satisfaction with the children´s day sur-

gery care path was evaluated using a VAS scale, 

with 1 representing the lowest and 10 the highest 

satisfaction levels. Parental satisfaction was meas-

ured before the treatment, on the day of the treat-

ment, and at home after the treatment. 

All the measurement points are described in Sup-

plementary file 1. 

Statistical methods 

All analyses used the intention-to-treat (ITT) princi-

ple [58], including all patients who underwent ran-

domization and for whom assessable data were 

available. Normality of continuous variables was 
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assessed using histograms and the Shapiro-Wilk 

test. As not all continuous variables followed a nor-

mal distribution, they were summarized using me-

dians with interquartile ranges (IQR). Categorical 

variables were summarized using counts and per-

centages.  

Continuous baseline variables as well as primary 

and secondary outcomes were compared between 

the study arms using the Mann-Whitney U test. The 

categorical baseline variables and dichotomized 

primary outcome (mYPAS ≥30, indicating presence 

of anxiety [50]) were compared between the study 

arms using the Fisher’s exact test. Conclusions on 

statistical significance were based on an alpha level 

of 0.05, and all statistical tests were two-sided. The 

data were analyzed using Python version 3.10.11 

with the packages NumPy v.2.1.1 [59], pandas 

v.2.2.3 [60,61], SciPy v.1.15.2 [62], pingouin v.0.5.5 

[63], seaborn v.0.13.2 [64], and matplotlib v.3.10.0 

[65]. The Fisher’s exact test was conducted in R 

(version 4.4.1). 

Ethical approval 

The RCT study was approved by the Ethics Commit-

tee of the Hospital District of Helsinki and Uusimaa 

on 25 September 2019 (Ref. no HUS/2203/2019). 

Research permission for the RCT study was ob-

tained in March 2020 (Ref. no 180/2020). All partic-

ipants participated voluntarily. Children aged 7–9 

and 10–12 years received age appropriate 

information sheets and consent forms. They were 

able to ask the research nurse or the corresponding 

author questions before providing consent. Parents 

also received the information sheet and gave con-

sent for their child’s participation. After parental 

consent, the research nurse accessed the child’s pa-

tient records to ensure accurate medication infor-

mation during outpatient treatment. 

The registration date for the Clinical trial was Feb-

ruary 20, 2020. The first recruitment day took place 

on August 12, 2020. Data collected by BuddyCare 

was stored in a secure cloud service in Europe, and 

the data collected was pseudonymized by the ser-

vice-providing company and delivered to a safe 

study server provided by the hospital for monitor-

ing and analysis by a limited group of researchers 

[43]. 

Results 

Participants 

The study flow chart is presented in Figure 1. A total 

of 1328 children were screened for eligibility by the 

research nurse. Eighty-six children were eligible and 

invited to participate in the study. Of them, 40 

agreed to participate and were randomly assigned 

to either an intervention or a control arm. (Figure 

1.).  
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Figure 1. CONSORT flow diagram of the study participants. 
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A total of 38 participants completed the baseline 

assessment. Of them, 15 were girls. The median age 

was 9.5 years (IQR 8.0–11.0). Almost all partici-

pants, 81.6 % (n=31), had a scheduled surgery for 

the removal of a hernia, tonsil, or a tooth operation 

under anaesthesia; the rest had a scheduled endos-

copy. About two-thirds, 63.2% (n = 24), had under-

gone at least one prior operation. There were no 

statistically significant differences in baseline char-

acteristics between the intervention and control 

groups. (Table 1.) 

Results for the primary outcome 

Figure 2 present children’s anxiety levels measured 

with mYPAS at various time points (p= 0.561–

0.639). Median mYPAS scores ranged from 28 to 43, 

with highest anxiety levels seen during induction 

before anaesthesia. No statistically significant dif-

ferences were found in mYPAS between the inter-

vention and control arms at any time points. There 

were more children in the intervention group 

(n=13; 81.3%) who were anxious than in the control 

group (n=11; 57.9%) before anaesthesia. Table 2 

shows the number and percentage of anxious chil-

dren (mYPAS ≥ 30) at the same time points; no sta-

tistically significant differences were observed in 

these numbers between the study arms.

Table 1. Baseline characteristics of study participants. 

 Intervention group  Control group  p-value 

Number of participants 19 19  

Gender, girls, n (%) 8 (42.1) 7 (36.8) 1.000 

Age, years, median [IQR] 9.0 [8.0–10.5] 10.0 [8.5–11.0] 0.858 

Age, less than 10 years, n (%) 10 (52.6) 9 (47.4) 1.000 

Type of operation, n (%)      

Hernia 4 (21.1) 2 (10.5) 0.451 

Tonsil 6 (31.6) 10 (52.6)  

Tooth (in anaesthesia) 6 (31.6) 3 (15.8)  

Endoscopy 3 (15.8) 4 (21.1)  

Prior operations, n (%)      

Yes 14 (73.7) 10 (52.6) 0.313 

No 5 (26.3) 9 (47.4)  

IQR: interquartile range. 
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Figure 2. The modified Yale Preoperative Anxiety Scale (mYPAS) scores at different phases. 

Table 2. Number and percentage of children classified as anxious (modified Yale Preoperative Anxiety 

Scale (mYPAS) score ≥ 30) at different phases.  

   
  Control Intervention p-value 

In hospital before treatment    

No, n (%) 8 (44.4) 7 (41.2) 1.000 

Yes, n (%) 10 (55.6) 10 (58.8)  

During induction before anaesthesia    

No, n (%) 8 (42.1) 3 (18.8) 0.167 

Yes, n (%) 11 (57.9) 13 (81.3)  

Recovery room    

No, n (%) 10 (52.6) 9 (52.9) 1.000 

Yes, n (%) 9 (47.4) 8 (47.1)   
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Table 3. Differences in the primary and secondary outcomes between the control and intervention 

groups. 

  Control group  Intervention group  p-value  

   N  Median  [Q1; Q3]  N  Median  [Q1; Q3]     

Primary outcome                

 Children's anxiety, mYPAS                

 At the hospital before the treatment  18  32.0  [23.0; 38.0]  17  33.0  [28.0; 38.0]  0.639  

 During induction before anaesthesia  19  38.0  [26.0; 51.0]  16  43.0  [34.8; 48.8]  0.561  

 In the recovery room  19  28.0  [23.0; 33.0]  17  28.0  [23.0; 33.0]  0.612  

Secondary outcomes                

 Children's preoperative fear, CPMASa                

 At home 1 day before the treatment  15  176.0  [84.0; 244.5]  13  125.0  [60.0; 200.0]  0.381  

 In the hospital before the treatment  16  169.0  [73.3; 264.8]  16  93.5  [31.3; 252.0]  0.283  

 Children's postoperative fear, CPMASb                

 Day 1 after the treatment  12  27.5  [7.5; 42.5]  10  23.5  [11.0; 38.0]  0.740  

 Day 7 after the treatment  10  18.5  [0.0; 27.5]  9  10.0  [0.0; 20.0]  0.834  

 Children's postoperative pain modified Pain Scale              

 In the recovery room  16  2.6  [0.9; 4.1]  13  2.4  [0.8; 4.5]  0.965  

 Day 1 after the treatment  13  4.0  [2.0; 5.0]  12  2.6  [2.0; 3.5]  0.513  

 Day 3 after the treatment  14  1.9  [0.0; 4.8]  13  2.0  [0.7; 4.4]  0.526  

 Day 7 after the treatment  11  0.7  [0.0; 2.0]  10  0.5  [0.0; 1.4]  0.600  

 Parental anxiety, STAI-Y                

 Before the treatment 16  40.0  [31.8; 44.8]  15  38.0  [30.0; 39.0]  0.332  

 On the day of the treatment 16  32.5  [25.0; 38.5]  13  33.0  [29.0; 36.0]  0.982  

 After the treatment 13  30.0  [26.0; 32.0]  12  28.0  [21.8; 33.0]  0.785  

 Parental satisfaction, VAS                

 Before the treatment 18  8.5  [8.0; 9.8]  16  9.0  [8.0; 10.0]  0.485  

 On the day of the treatment 16  10.0  [9.0; 10.0]  13  9.0  [8.0; 10.0]  0.226  

 At home after the treatment 13  10.0  [9.0; 10.0]  6  9.0  [9.0; 9.8]  0.282  

mYPAS: The modified Yale Preoperative Anxiety Scale; CPMAS: Children's Perioperative Multidimensional Anxiety Scale; STAI-Y: 
The State-Trait Anxiety Inventory, form Y; VAS: Visual Association Scale; N: number of responses, Q1: lower quartile, Q2: upper 
quartile 
 a Preoperative CPMAS consisted of five items, thus yielding a total score ranging between 0 and 500.  
b Postoperative CPMAS consisted of four items; thus, the total score ranged between 0 and 400 

 

Results for the secondary outcomes 

The results for the secondary outcomes are shown 

in Table 3. None of the secondary outcomes 

showed a statistically significant difference be-

tween the intervention and control group. 

Children in the intervention group experienced less 

fear one day before the treatment (CPMAS = 125.0) 

and at the hospital (CPMAS = 93.5) compared to 

children in the control group (CPMAS = 176.0 and 

169.0). However, the differences were not statisti-

cally significant (p-values ranging from 0.28 to 

0.381).  

Children's postoperative pain levels were similar 

between the intervention and control groups at 

various time points. In the recovery room, the me-

dian pain scores were 2.6 for the intervention group 

and 2.4 for the control group (p = 0.965), indicating 

no statistically significant difference between the 

groups.  
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The results indicate that parental anxiety levels, as 

measured by the STAI-Y, were similar between the 

control and intervention groups at various time 

points.  

Parental satisfaction levels before the treatment 

(median = 8.5 vs 9.0, p = 0.485), on the day of the 

treatment (median = 10.0 vs 9.0, p = 0.226), and at 

home after treatment (median = 10.0 vs 9.0, p = 

0.282) showed no statistically significant differ-

ences between the control and intervention 

groups.  

Usage of the Triumf Game App 

In total, 17 participants used the Triumf Game App. 

The participants played it for a median of 21.1 

minutes (inter-quartile range: 9.8–38.6 minutes). 

Two of the participants did not play at all (one could 

not find the app in the App Store, and one had an 

iPhone). 

Discussion 

This study was the first RCT of a web-based mobile 

health intervention, including both parental and 

child mobile gaming applications, to evaluate its ef-

fectiveness in school-aged children undergoing day 

surgery.  

The mYPAS scores were slightly higher in the inter-

vention group than in the control group; however, 

the difference was not statistically significant. Pa-

rental preparation with the BuddyCare app, which 

was available for both the intervention and control 

groups, might have reduced children's anxiety in 

both groups. Previous studies have found parental 

preparation to be effective in reducing children's 

anxiety [6,21,23,66]. Additionally, the duration of 

access to the Triumf Game App varied depending 

on the surgery schedule, and some treatments 

were postponed. These might have affected 

children's anxiety.  In our study, all children had ac-

cess to the hospital via a virtual tour provided by 

their parental BuddyCare, which might have con-

tributed to the low anxiety scores. In a previous 

study, children who toured the operating room vir-

tually right before surgery were less anxious than 

those who did so days earlier [67]. In another study 

[38], games did reduce children's anxiety if they 

played the game one week before treatment. Simi-

larly to other studies [50,68], the children in our 

study were most anxious just before the anaesthe-

sia. 

The results indicate that children in the interven-

tion group experienced slightly less fear at home 

the day before and in the hospital just before treat-

ment than those in the control group. The reduced 

fear may be due to the game's therapeutic ap-

proach, which gives the child a sense of control over 

the upcoming event [39,69]. The intervention re-

duced fear, but the sample size or group variability 

may have limited the ability to detect statistically 

significant differences. In previous studies, virtual 

reality has been effectively used as a distraction to 

reduce children's fear and anxiety during dental 

procedures [70] or to alleviate pain after children´s 

treatment [35].  

The intervention did not statistically significantly re-

duce postoperative pain compared to the control 

group, although differences in pain levels were evi-

dent at various time points. Children´s pain levels 

were low, ranging from 0.5 to 4.0 at different 

stages, indicating effective pain management fol-

lowing the children's surgical treatment. In previ-

ous studies, virtual reality has been found promis-

ing in decreasing postoperative pain [35,70,71] and 

wound burn [72,73]. Additionally, a game-based in-

tervention significantly decreased pain [39]. 

Our study found parental anxiety to be relatively 

low, with no significant differences between the 
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groups. Our findings are in line with previous stud-

ies [40,74]. As both groups received the BuddyCare 

App as part of routine care, this may explain the ab-

sence of significant differences in parental anxiety 

and satisfaction. In previous studies, parental satis-

faction increased when parents and children were 

well-prepared for the surgery [6,18]. All well-de-

signed interventions, such as family-centred ap-

proaches, have been shown to increase parental 

and child satisfaction with hospital care [21].  

Study strengths and limitations 

Following limitations should be addressed regard-

ing our study. First, the global COVID-19 pandemic 

started while we were obtaining the necessary re-

search permissions. All recruitment was halted be-

fore it began. Therefore, we failed to reach the 

number of participants required by our power anal-

ysis [43], thus reducing statistical power. We lost 

over six months of recruitment time, and even after 

extending our study, we still did not reach our tar-

get number of participants. Second, we did not 

have a true control group consisting of parents 

without any parental care path solution as the Bud-

dyCare was part of the routine care at the study 

hospital. The information available through the pa-

rental solution might have influenced a parent's 

ability to prepare their child for treatment. This may 

have affected children's need for information and 

introduced bias into our study. Third, pain scores 

were mild to moderate. Therefore, the results can-

not be applied to patients who may experience 

more severe pain. The fidelity of the intervention 

was limited because usage could not be controlled 

in the real world clinical setting. This level of en-

gagement was consistent with our expectations for 

a brief preoperative digital preparation tool rather 

than a long term intervention. Given the small sam-

ple size, the study focused on feasibility and prelim-

inary effects, and future research with a larger 

sample and more participants could assess fidelity 

more comprehensively. 

Some strengths of our study should be highlighted. 

First, randomization and allocation of participants 

were successful, so selection bias was not intro-

duced. However, all children participating in the 

study had mobile phones; therefore, we considered 

mobile phones a minimal risk of contamination, in-

troducing contamination bias. Second, baseline 

characteristics were similar, and all participants 

having the surgery were involved from the begin-

ning to the end. Although the sample size was 

smaller than expected, the study provides new and 

meaningful information for the field. To our 

knowledge, this is the first RCT to evaluate the usa-

bility and effectiveness of two separate mobile ap-

plications in a pediatric hospital setting. The results 

provide new insights into the feasibility, acceptabil-

ity, and preliminary effectiveness of digital supports 

in pediatric interventions – an area where research 

evidence is still scarce. 

There is a need for more extensive RCTs that pro-

vide sufficient evidence for similar interventions. 

Further research with larger sample sizes or addi-

tional measures may be necessary to fully under-

stand the impact of the intervention on children's 

anxiety and fear levels, their postoperative pain, as 

well as parental anxiety and satisfaction. 

Conclusions  

The findings indicate that a mobile application can 

meaningfully support parents in preparing their 

child for day surgery; even among school-aged chil-

dren, parental involvement remains essential, and 

preparation cannot rely solely on child-focused 

methods. 

Our study showed that a gamified mobile health in-

tervention (the Triumf Health App) may not be 
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superior to routine care, including a parental mo-

bile solution (the BuddyCare App), in reducing chil-

dren’s anxiety, fear, pain, or parent’s anxiety and 

satisfaction. A digital care path solution relying on a 

parental mobile application may be a feasible ap-

proach for preparing parents and their school-aged 

children for day surgery and may also serve as a 

safe and practical method for data collection; how-

ever, these findings should be interpreted with cau-

tion. 

Due to the COVID-19 pandemic, we were unable to 

achieve the target sample size and fell far short of 

our goals, which limits the statistical power and, 

thus, confidence of our conclusions. Future re-

search could focus on refining the gamified health 

intervention, increasing the sample size, or explor-

ing additional outcome measures to understand its 

potential impact better. 
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