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Abstract
Purpose Spinal fusion surgery is associated with high levels of stress and anxiety for patients and their caregivers. Medical 
simulation has demonstrated efficacy in improving preparedness, knowledge, and overall experience prior to other medical 
procedures. The current study examines the utility of a multi-faceted preparation program (SIMDiscovery) using simulation 
techniques to reduce anxiety and increase preparedness among patients undergoing spinal fusion surgery and their caregivers.
Methods Participants attended SIMDiscovery where they received hands-on preparation about what to expect before, during, 
and after their surgery. Anxiety, preparedness, and knowledge about the procedure were assessed pre- and post-participation 
using self-report measures. Participants also completed a questionnaire at their first post-operative medical appointment. 
Differences from pre to post and between patients and caregivers were calculated with paired and independent sample t-tests.
Results Participants included 22 patients and 29 caregivers. Post-SIMDiscovery, both groups demonstrated increased knowl-
edge for the surgical process and lower state anxiety. Patients reported increased feelings of preparedness in all areas while 
caregivers reported increased feelings of preparedness in most areas. Families continued to report positive impact of the 
program 30 days after surgery; however, they also identified areas where they desired increased preparation.
Conclusions SIMDiscovery increased patients’ and caregivers’ knowledge regarding spinal fusion surgery and helped them 
feel less anxious and more prepared regarding most aspects of the surgical process. These changes were generally maintained 
throughout the post-operative period. Participants identified areas for increased preparation, highlighting the importance of 
continuing to adapt programs based on patient and family feedback.
Level of evidence Level III.
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Introduction

Posterior spinal fusion (PSF) is the most common surgical 
intervention to treat adolescent idiopathic scoliosis (AIS) 
[1]. PSF is associated with high levels of stress and anxiety Lauren M. Potthoff and Michael P. Glotzbecker are co-first 
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in both patients [2, 3] and their caregivers [4], which may 
negatively impact postoperative recovery [5]. Participation 
in pre-operative preparation programs has been shown to 
reduce feelings of stress and anxiety in pediatric patients and 
their caregivers and to improve medical outcomes for many 
different medical and surgical interventions [6, 7]. Only one 
study has examined the use of preoperative preparation pro-
grams in reducing anxiety among patients undergoing PSF. 
Using a randomized control study design, Rhodes et al., 
(2015) compared self-reported anxiety among families who 
participated in standard care preparation with families who 
received standard care preparation, plus a 30-min hospital 
tour [8]. Findings indicate that self-reported anxiety did not 
significantly differ between intervention and control groups 
for patients at three of the four time points. No significant 
differences in anxiety were found between caregiver groups.

Importantly, it is possible that the researchers did not find 
significant differences between groups because the inter-
vention (i.e., hospital tour) lacked an enhanced experiential 
component. Such preparation methods may be insufficient 
to achieve full and successful knowledge and skill transfer 
[9] as they do not include opportunities to learn through 
active practice, realistic exposure, and rehearsal. Further, 
this study did not include a focus on preparing families for 
what to expect post-operatively, specifically when returning 
home. Having realistic expectations for what patients may 
experience before, during, and after a procedure—including 
at-home recovery—is an essential part of preparation [10].

The current study aimed to examine the impact of a com-
prehensive experiential preparation program for patients and 
caregivers scheduled for PSF (SIMDiscovery). The program 
relied on simulation teaching methodologies and compre-
hensive preparation at all stages of the surgical experience. 
We hypothesized that (1) caregivers’ and patients’ perfor-
mances on a PSF knowledge questionnaire would improve 
after SIMDiscovery; (2) patients and caregivers would report 
less anxiety and increased preparedness after SIMDiscovery; 
and (3) improved feelings of preparedness would be main-
tained throughout the post-operative period.

Materials and methods

This prospective study was conducted at a single tertiary 
care pediatric hospital by a research team consisting of 
members of the Psychiatry, Simulator, Orthopedic Surgery, 
and Child Life Services departments. The study was reg-
istered by the US National Library of Medicine’s Clinical 
Trials website, as it was categorized as a behavioral inter-
vention study. Recruitment occurred between February and 
June 2019 after obtaining institutional IRB approval. Fol-
low-up data was collected until the last patient was 30 days 
post-surgery.

SIMDiscovery-orthopedics is a group simulation program 
developed as part of a hospital-based simulation service line 
for patients and caregivers. SIMDiscovery is a multi-faceted 
preparation program that utilizes simulation techniques and 
hands-on, experiential opportunities (e.g., interacting with 
medical equipment, practicing technique for getting out of 
bed following surgery) for patients who will undergo PSF 
and their families. During SIMDiscovery, patients and 
caregivers are guided through a simulated hospital setting 
which includes nine stations designed to mirror the stages 
of the perioperative process (see Table 1). Stations provide 
families with education and experiential learning opportuni-
ties regarding what they can anticipate before, during, and 
after the surgery. Station content was created by medical and 
psychosocial experts in each area.

Eligibility, screening, and recruitment

Patients scheduled for PSF between February and August 
2019 were screened for eligibility. Inclusion criteria 
included: at least 10 years of age on the day of SIMDis-
covery, diagnosis of AIS, and ability to respond to ques-
tionnaires in English. Exclusion criteria included: other sig-
nificant chronic medical conditions, anterior surgical access, 
intensive care unit stay expected, and significant cognitive 
delays or intellectual disabilities.

To maximize participation in this new program, we 
offered SIMDiscovery to all eligible patients within a geo-
graphic area. Families received a letter in the mail describ-
ing SIMDiscovery and were then contacted by a member of 
the Simulator Program via phone or email to assess inter-
est in attending. Families interested in SIMDiscovery sub-
sequently received a postcard in the mail introducing the 
research study. Research assistants later contacted families 
via phone to offer study participation. When a family could 
not be reached prior to attending SIMDiscovery, research 
staff approached them in person when they arrived.

Eighty families were contacted to participate in SIM-
Discovery and 34 families attended. Families who declined 
SIMDiscovery identified schedule conflicts, barriers asso-
ciated with traveling to the hospital, or applicability of the 
program. Twenty-eight of the 34 patients were eligible for 
the study, and 22 agreed to participate. See Fig. 1 detailing 
participant recruitment. Informed consent for caregivers and 
patients ≥ 18 years old and assent for patients < 18 years old 
was obtained the day of SIMDiscovery prior to completing 
study measures.

Study measures

Prior to and immediately after participating in SIMDiscov-
ery, patients and at least one caregiver completed question-
naires electronically via REDCap [11]. If a second caregiver 
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Table 1  SIMDiscovery Stations

Stations Station elements Multidisciplinary team members

Pre-op admitting Consent forms-any blood/urine tests Pre-op admitting nurse
Practitioner
Child life specialist

Pre-op holding Changing into hospital gown
Roles of surgical team members
Peripheral intravenous line placement with numbing agent
Pre-surgical medication

Pre-op holding nurse
Child life specialist

Operating room (OR) Anesthesia process
Role of the operating room nurse
Surgical equipment used (including rods)

Operating room nurse
Anesthesiologist
Child life specialist

Post-anesthesia care unit (PACU) Medical equipment
Parental presence
Pain management

Post anesthesia care unit nurse
Child life specialist

Inpatient experience Anticipated pain
Pain management
Available resources/services in hospital

Inpatient nurse
Child life specialist

Dressing changes Dressing change demonstration
Wound care
Medical materials used (e.g. gauze/bandages)

Orthopedic nurse practitioner
Child life specialist

Physical therapy and mobility Physical therapy expectations
Exercises
Timeline for return to activity at home

Physical therapist
Child life specialist

Meet the surgeon and hardware Question/answer session with surgeon Orthopedic surgeon
Spinal model with fusion hardware Child life specialist

Discharge Discharge expectations
Prescribed medications and potential side effects
Follow up care instructions

Orthopedic physician assistant
Orthopedic nurse practitioner
Social worker
Child life specialist
Previous patient/parent

Fig. 1  Participant recruitment
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attended and wanted to participate in the study, they also 
completed questionnaires. Participants completed a ques-
tionnaire at their first post-operative visit approximately 
30 days after surgery. See Table 2 for questionnaires com-
pleted at each timepoint.

Demographics questionnaire

Caregivers completed a brief questionnaire providing demo-
graphic information as well as medical and psychiatric 
history.

Knowledge assessment

All participants completed a 10-question knowledge assess-
ment created for this study (see online Appendix A). Content 
was provided by medical and psychosocial staff familiar with 
the PSF perioperative experience and includes six true/false 
and four multiple choice questions. Scores on this measure 
ranged from 0 to 10 (e.g., answering all 10 questions cor-
rectly equals a score of 10).

Anxiety measures

State/trait anxiety: caregivers and patients over age 15 com-
pleted the state/trait anxiety inventory (STAI) [12] to assess 
state anxiety (current emotional state) and trait anxiety (gen-
eral proneness to anxious behavior). Patients under age 15 
completed the State/Trait Anxiety Inventory for Children 
(STAIC) [13]. The State Anxiety items were completed pre-
and post-SIMDiscovery, while the Trait Anxiety items were 
only completed prior to participation. These measures are 
well-validated [13, 14].

Visual analog scale (VAS): anxiety regarding PSF was 
assessed for all participants with one item using a 10-point 
VAS [0 (not at all anxious), 10 (very anxious)]. The VAS 

is highly valid and reliable with children, adolescents, and 
adults [15, 16].

Preparedness measures

Preparedness

Caregiver preparedness was measured by the caregiver pre-
paredness scale (CPS) [17], which asks caregivers to rate on 
a scale of 0–4 (not at all prepared to very prepared) how pre-
pared they feel to care for eight areas of the patient’s physi-
cal and emotional needs. We modified the CPS to assess 
patients’ perception of their ability to care for or advocate 
for themselves in 6 different areas of physical and emotional 
needs (See online Appendix B) [17].

Visual analog scale

Visual analog scale preparedness was assessed for all partici-
pants with three items using a 10-point VAS [15, 16]. These 
questions assessed feelings of preparedness [0 (not at all 
prepared), 10 (very well prepared)] regarding the pre-opera-
tion holding experience, inpatient experience, and returning 
home. Participants were also asked to complete these three 
items at their 30 day post-operative visit.

Follow‑up questionnaire

In addition to completing the VAS preparedness items at the 
30-day postoperative visit, families also provided written 
feedback about their overall experience with surgery and 
SIMDiscovery.

Statistical analysis

Paired samples t tests were used to analyze patients’ and 
caregivers’ pre and post-SIMDiscovery STAI/STAI-C, VAS 

Table 2  SIMDiscovery Group 
Study Measures Timeline

Pre-SIMDiscovery Post-SIMDiscovery 30-day postopera-
tive visit

Caregiver Patient Caregiver Patient Caregiver Patient

Demographics X
Knowledge assessment X X X X
Anxiety measures
 Trait anxiety inventory X X
 State anxiety inventory X X X X
 VAS for anxiety X X X X

Preparedness measures
 Caregiver/child preparedness scale X X X X
 VAS for preparedness X X X X X X
 Follow-up questionnaire X X
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responses, CPS, and knowledge assessment scores. Paired 
samples t tests were also conducted to examine feelings of 
preparedness from immediately after SIMDiscovery to the 
30-day postoperative visit. Independent sample t tests were 
used to compare caregivers to patients on the same meas-
ures. Bivariate analyses were conducted to examine relevant 
medical or demographic variables to control for in analyses; 
none were significant. Statistical analyses were performed 
in SPSS Version 24.0.0.0.

Results

Twenty-two patients and their caregivers participated in the 
study during the three SIMDiscovery programs in 2019. 
Caregivers included 19 mothers, nine fathers, and one legal 
guardian; seven patients had two caregivers participate. The 
mean age of the patients was 14.6 years (range 11–19 years). 
The majority of patients identified as female (59%) and 
Caucasian (83%). Eight patients underwent a prior surgery 
although none had previously experienced an orthopedic 
surgery; three patients reported a prior medical hospitaliza-
tion. One participant found the experience overwhelming 
and did not complete post-SIMDiscovery measures; they 
were excluded from analyses. All participants completed 
the post-operative follow-up questionnaire.

Knowledge

Knowledge about the spinal fusion surgery increased for 
patients and caregivers after participating in SIMDiscovery 
[patients t(21) = − 3.8, p = 0.001; caregivers t(27) = − 4.3, 
p =  < 0.001].

Anxiety

On the STAI and STAI-C, patients and caregivers evidenced 
lower state anxiety following participation in SIMDiscovery 
compared with prior to participation [patients (under 15) 
t(11) = 3.1, p = 0.01; patients (over 15) t(7) = 2.8, p = 0.27; 
caregivers t(26) = 5.0, p =  < 0.001]. Before SIMDiscov-
ery, patients ages 15 and above reported their state anxi-
ety to be consistent with their trait anxiety (Mstate = 44.1, 
SE = 4.5; Mtrait = 43.5, SE = 4.00). After SIMDiscovery, 
older patients reported significantly lower state anxiety 
(M = 34.6, SE = 2.7) than their trait anxiety, t(7) = − 2.8, 
p = 0.03. Caregivers reported their state anxiety (M = 37.7, 
SE = 2.1) to be significantly higher than their trait anxi-
ety (M = 32.2, SE = 1.4) before SIMDiscovery t(26) = 3.4, 
p = 0.002; no significant differences between caregiver state 
and trait anxiety were observed after program participation.

On the VAS assessing feelings of anxiety when think-
ing about the patient’s upcoming PSF, caregivers endorsed 

feeling significantly less anxious after SIMDiscov-
ery (M = 4.2, SE = 0.5) than before (M = 6.9, SE = 0.4), 
t(25) = 4.2, p < 0.05. Among patients, this difference 
approached statistical significance [M = 4.9, SE = 0.7; 
M = 3.9, SE = 0.7; t(19) = 2.1, p = 0.049].

Preparedness

Patients reported increased feelings of preparedness in all six 
areas after SIMDiscovery (p =  < 0.001–0.024). Caregivers 
similarly reported increased feelings of preparedness in all 
areas (p = 0.004–0.02) except when thinking about the stress 
of caring for their child following surgery (p = 0.119).

On the VAS, caregivers reported feeling significantly 
more prepared for the patient’s pre-operation holding expe-
rience [M = 7.8, SE = 0.4; t(26) = − 3.4, p < 0.05], inpatient 
hospital stay [M = 7.9, SE = 0.4; t(26) = − 3.6, p < 0.05], and 
returning home [M = 7.7, SE = 0.4; t(26) = − 3.9, p < 0.05] 
after SIMDiscovery than before (M = 5.6, SE = 0.6; M = 5.5, 
SE = 0.6; M = 5.4, SE = 0.5, respectively). These differences 
were also observed among patients [M = 7.1, SE = 0.5; 
t(19) = − 2.2, p = 0.041; M = 7.7, SE = 0.5; t(19) = − 3.3, 
p = 0.003; M = 7.8, SE = 0.5; t(19) = − 3.3, p = 0.004].

Postoperative follow‑up

Patients’ increased feelings of preparedness remained 
consistent; no significant differences in reported feelings 
of preparedness from immediately after SIMDiscovery to 
the 30-day follow-up were found for pre-operation holding 
(M = 6.9, SE = 0.7; M = 7.6, SE = 0.6), inpatient (M = 7.6, 
SE = 0.8; M = 7.5, SE = 0.7), or returning home (M = 7.9, 
SE = 0.6; M = 7.3, SE = 0.7).

Caregivers, on average, reported feeling significantly 
more prepared for pre-operation holding (M = 9.4, SE = 0.2) 
compared with how prepared they felt for that experience 
immediately after SIMDiscovery (M = 7.5, SE = 0.7), 
t(12) = − 3.1, p = 0.009. Average feelings of preparedness 
for the inpatient stay and returning home remained consist-
ent across timepoints (inpatient stay: M = 7.6, SE = 0.67; 
M = 9.1, SE = 0.3; returning home: M = 7.3, SE = 0.7; 
M = 7.8, SE = 0.7).

Discussion

PSF is a common intervention for AIS and is associated with 
increased stress and anxiety for patients and their caregiv-
ers. Pre-surgical preparation programs are effective in reduc-
ing both stress and anxiety, yet few studies exist examining 
the benefits of these programs among patients undergoing 
orthopedic surgeries and their caregivers. As hypothesized, 
patient and caregiver knowledge regarding the procedure 
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increased following participation in the program. Consistent 
with prior studies among other medical groups [18], results 
demonstrated decreased anxiety among patients and caregiv-
ers following SIMDiscovery. In contrast to the findings of 
Rhodes et al., (2015), our results may be attributed to the 
experiential component that SIMDiscovery offers. Rhodes 
et al., (2015) implemented a 30-min hospital tour as their 
intervention while SIMDiscovery incorporates opportunities 
to learn about the perioperative process while interacting 
with equipment and providers. Thus, our findings support 
the idea that hands-on opportunities for learning are benefi-
cial components to preparation programs.

Patients indicated that they felt increased preparedness 
in all areas assessed after participating in SIMDiscovery 
while caregivers endorsed increased preparedness in nearly 
every area: caregivers did not report a statistically signifi-
cant increase in preparedness when asked about the stress 
of caring for the child following surgery. This finding may 
highlight that despite increased preparation and knowledge 
regarding the procedure and its after-effects, caregivers con-
tinue to anticipate experiencing stress during the postopera-
tive period potentially due to the complicated nature of the 
surgical procedure and recovery.

Feelings of preparedness were generally maintained 
immediately after participation in SIMDiscovery to the first 
post-operative appointment 30 days after surgery. Patients’ 
improved feelings of preparedness remained consistent 
for all three areas. At the 30-day follow-up, caregivers 
reported feeling more prepared for the pre-operation holding 

experience and similarly prepared for returning home com-
pared with immediately after SIMDiscovery, supporting the 
notion that the experiential and interactive components of 
the program may contribute to these maintained feelings of 
preparedness.

Despite these significant improvements in anxiety and 
preparedness, on the 30-day post-operative follow-up ques-
tionnaire, some participants identified continued concerns. 
They most commonly endorsed wanting increased prepara-
tion around pain management following surgery (i.e., “How 
to deal with pain if you cannot take any more meds”) and 
how to continue caring for the patient/themselves at home 
(i.e., “More about recovery a little further out than the first 
week.”) These qualitative data highlight further aspects in 
which patients and their caregivers desire increased prepara-
tion. This feedback is beneficial as SIMDiscovery is a new 
and evolving program. Additional information in these areas 
can be integrated into the program to better address these 
concerns. Further, medical teams can utilize these data to 
better prepare families by providing increased information 
about expectations in the weeks after discharge.

Please refer to Table 3 for information on the actual and 
opportunity costs associated with SIMDiscovery as well 
as the key stakeholders involved in each aspect of program 
development and implementation. This description pro-
vides a framework of the staff required to plan and imple-
ment SIMDiscovery at this particular institution; however, 
it would be feasible to adjust the number of participants 
based on staffing resources available in other institutions. 

Table 3  Personnel and Time Required for Program Creation and Implementation

Task Time spent Multidisciplinary team members Goal/outcome

Program creation
 Program planning meeting 1 h Physician

Child life specialist
Physician’s assistant
Pre-operation clinic nurse
Pre-operation holding nurse
Inpatient floor nurse

Identified and finalized: stations to include in SIMDis-
covery

Additional staff representatives for the stations

 Staff participation recruitment 8 h Simulation center staff Coordinated with representatives from different depart-
ments regarding participation in SIMDiscovery

Program implementation
 Administration time 2 h Simulation center staff Scheduling, assigning, and preparing engineers and 

other staff for requested layout and rooms needed for 
the program

 Participant recruitment 6–8 h Medical or psychosocial clinicians Contacting patient families scheduled for spinal fusion 
surgery regarding interest in participating in SIM-
Discovery

 Orientation 30 min All key stakeholders involved in 
SIMDiscovery (please refer to 
Table 1)

Orientation to simulation space, SIMDiscovery 
program, and psychological safety prior to first 
SIMDiscovery

 Running of SIMDiscovery program 4 h All key stakeholders involved in 
SIMDiscovery (please refer to 
Table 1)

Completion of SIMDiscovery program with patients 
and families
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Time spent building and operating the program does, indeed, 
divert time that would otherwise been spent in clinical 
activities (i.e., seeing patients, conducting surgery); how-
ever, key stakeholders were committed to scheduling the 
program during times of day that were minimally disruptive 
to clinic and clinical responsibilities. Further, we believe 
that time dedicated to group preparation could reduce the 
time spent responding to calls from individual families (i.e., 
fewer phone calls regarding preparation questions) as well as 
post-operative questions regarding anxiety or other compli-
cations. These are also areas that would benefit from further 
examination in future studies.

Limitations

Several limitations exist. The sample size was small as 
recruitment depended upon families able to attend SIM-
Discovery (i.e., 80 families were contacted and 34 attended 
the program). As such, we offered the intervention to all 
eligible participants (i.e., 28 families, 22 of which agreed) 
and did not utilize a control group. Selection bias exists as 
families chose to participate in SIMDiscovery knowing they 
would receive enhanced details and information about the 
surgical procedure—conversely, families may have declined 
participation in SIMDiscovery due to high levels of anxiety 
at baseline. Finally, as the sample size was not demographi-
cally diverse, it is unclear if we would have yielded similar 
results with other patient groups.

Future directions

Despite these limitations, initial results were encouraging. 
This novel program has the potential to evolve with future 
research utilizing a randomized control design—compar-
ing SIMDiscovery participants with patients who undergo 
standard preparation procedures. These studies should exam-
ine the impact of SIMDiscovery on additional postoperative 
outcomes (e.g., improved ambulation, postoperative anal-
gesic use, return to activities). Additional questionnaires 
for caregivers would be useful in exploring contributors to 
feelings of anxiety, specifically related to the postoperative 
period. Future research should also examine patient dif-
ferences between age cohorts, as well as specific program 
components that contribute to improved psychological out-
comes and those that participants identify as most benefi-
cial. Results from such studies could lead to the expansion 
of such programs to other medical populations undergoing 
invasive medical procedures.

To address the attendance barriers observed in this study, 
alternative ways to participate could be offered. For exam-
ple, more recently due to the COVID-19 pandemic, SIM-
Discovery was offered virtually. Of the 18 families invited 
to the first virtual session, 14 participated—an attendance 

rate of 77%. If the resources to run such a program are barri-
ers, institutions can consider offering opportunities for brief, 
experiential preparation during individual pre-operation 
appointments as well as adding experiential components 
to already existing hospital pre-operation programs within 
Child Life Services departments.

Conclusions

We created a novel program to help prepare patients and 
caregivers for surgery. In this preliminary study, patients and 
caregivers reported decreased anxiety and increased knowl-
edge and preparedness following participation in SIMDis-
covery; these changes were generally maintained throughout 
the post-operative period. Findings support the benefit of 
programs that expand beyond typical preparation in utilizing 
hands-on, experiential learning opportunities. Patients and 
caregivers identified areas in which they desired additional 
preparation, highlighting the importance of continuing to 
adapt preparation programs based on families’ needs.
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