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Abstract

Introduction: There is a lack of comprehensive clinical research to assess potential benefits of mHealth solutions in post
discharge follow-up care after spinal surgery.

Purpose: This quasi-experimental study evaluated the effectiveness, usability, and patient satisfaction of an mHealth pathway
with an electronic Patient-Reported Outcome (ePRO)-based post-discharge nurse-led intervention for patients undergoing
surgery for lumbar spine degenerative disorders, compared to standard care.

Methods: Conducted at a Danish tertiary spine center, this study represents the final stage of a three-phase participatory
design. The primary outcome was patient quality of recovery, measured by the Quality of Recovery-15 (QoR-15) question-
naire. Secondary outcomes included patient-perceived usability, assessed with the Danish System Usability Scale (SUS). To
capture additional patient insights, an open-ended feedback question was included at the end of the survey.

Results: Data from 150 patients (77 women and 73 men) were analyzed, with 104 in the intervention group and 46 in the
comparison group. Both groups showed significant improvement over time, but no significant difference between groups. Of
154 potential SUS respondents, 110 participated. Analysis revealed 48 statements, categorized into five themes: (1) Usability
and functionality of the mHealth solution, (2) Feedback on the QoR-15 questionnaire, (3) Safety and support, (4) Missing
functions and suggestions for improvements, and (5) Patient satisfaction.

Conclusion: No significant differences in effectiveness between the mHealth pathway and standard care were found for post-
surgery recovery in lumbar spine patients. Usability and patient satisfaction were generally high, though suggestions for
improvements were noted. The study highlighted the importance of post-discharge support, suggesting that the intervention
provided crucial security and support, potentially demonstrating compassion through nurse-led care.

Keywords

mHealth, degenerative lumbar spine surgery, electronic patient-reported outcome, quasi-experimental design, post-
discharge recovery after surgery

Submission date: 28 May 2024; Acceptance date: 11 February 2025

1Center for Spine Surgery and Research, Region of Southern Denmark,
Kolding, Denmark
2Institute of Regional Health Research, University of Southern Denmark,
Odense, Denmark
3Hans Christian Andersen Children’s Hospital, Odense University Hospital,
Odense, Denmark
4Centre for Innovative Medical Technology, Odense University Hospital,
Odense, Denmark

5Centre of Compassion in Healthcare, Clinical Institute/Institute for
Regional Health Research, University of Southern Denmark, Odense,
Denmark

Corresponding author:
Marianne Dyrby Lorenzen, Center for Spine Surgery and Research, Region
of Southern Denmark, Sygehusvej 24, 6000 Kolding, Denmark.
Email: Marianne.Dyrby.Lorenzen@rsyd.dk

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial
4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribution of the work

without further permission provided the original work is attributed as specified on the SAGE and Open Access page (https://us.sagepub.com/en-us/nam/
open-access-at-sage).

Original Research Article

DIGITAL HEALTH
Volume 11: 1–17
© The Author(s) 2025
Article reuse guidelines:
sagepub.com/journals-permissions
DOI: 10.1177/20552076251324687
journals.sagepub.com/home/dhj

https://orcid.org/0000-0002-9999-5567
mailto:Marianne.Dyrby.Lorenzen@rsyd.dk
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://us.sagepub.com/en-us/nam/open-access-at-sage
https://us.sagepub.com/en-us/nam/open-access-at-sage
https://us.sagepub.com/en-us/nam/open-access-at-sage
https://uk.sagepub.com/en-gb/eur/journals-permissions
https://journals.sagepub.com/home/dhj


Introduction
Surgery can be an option for patients with severe, debilitat-
ing conditions such as lumbar disc herniation, stenosis, and
spondylolisthesis who have not benefited from conservative
treatment.1 An average of 6000 lumbar operations are per-
formed and registered annually in the Danish spine surgery
registry (DaneSpine).2 Although programs to improve
patient recovery in the immediate post-operative period
while the patient is still in the hospital have been implemen-
ted,3–9 programs to enhance the patient’s recovery after dis-
charge, when they are at home, have not been as extensively
developed as needed.10,11

Utilizing a mobile health (mHealth) application to support
the patient at home is feasible and enhances satisfaction for
patients and healthcare providers.12 It can potentially help in
early complication detection, reduce readmissions, and
improve adherence to postoperative instructions, ultimately
optimizing recovery quality and potentially lowering health-
care costs.13 However, there is a need for further clinical
research studies to quantitatively and qualitatively evaluate
mHealth solutions for post-discharge follow-up.12 The ‘My
Hospital’ app14 serves patients in the Region of Southern
Denmark, providing access to structured plans outlining the
sequence of healthcare information and interventions (care
pathways) for various medical needs, including surgeries.
Currently, it has 40,000 active users engaged in 375 pathways.
The app intends to foster improved communication and
engagement between healthcare providers and their patients.14

In cooperation with relevant stakeholders, we developed
a digital pathway in the ‘My Hospital’ app tailored to
patients who had surgery for degenerative conditions in
the lumbar spine. Details of the developed pathway can
be found in the Content of the mHealth pathway section.
A tailored workflow was also designed to ensure seamless
integration of the app and its functionalities into clinical
practice.

Objective
To conduct an exploratory assessment of the effectiveness,
usability, and patient satisfactionwith anmHealth pathway inte-
grating an electronic Patient-Reported Outcome (ePRO)-based
post-discharge nurse-led intervention designed specifically for
patients who underwent surgery for degenerative disorders in
the lumbar spine, in comparison to standard care.

Methods
Reporting follows the Transparent Reporting of Evaluationswith
Non-randomized Designs (TREND) statement guidelines.15

Study design

This study is a quasi-experimental design using a cohort with
pre- and post-test comparisons.16 The study is the last stage of
a three-phaseparticipatory studydesign (Figure1) aimed toopti-
mize the post-discharge patient pathway following surgery for
degenerative disorders in the lumbar spine. This last phase
focuses on testing and evaluating a technological solution and
tailored organization17,18 for addressing the needs of patients
during the early post-discharge phase of their recovery.

Setting and participants

The study was conducted at a tertiary spine center, within a
medium-sized hospital in Denmark. Patients were enrolled
consecutively through purposive sampling19 by nurses
during their pre-admission visit at the spine surgical out-
patient clinic. Patients aged 18 and above, scheduled for
surgery due to degenerative disorders in the lumbar spine,
including discectomies, spinal decompressions, and spinal
fusions, were eligible for inclusion. Patients were excluded
if they were unable or declined to utilize the mHealth solu-
tion or complete digital Danish questionnaires.

Figure 1. Participatory design process.
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Intervention

The intervention under study was an mHealth pathway
“Back Surgery” specifically designed for patients who
had surgery for degenerative disorders in the lumbar spine
including a nurse-led post-discharge care intervention
based on ePRO data. The proposal for the intervention
was informed by prior studies that identified patients’
needs and wishes during the early discharge period at
home after spine surgery and further refined through work-
shops, a widely employed method within participatory
design studies.18,20–23 Head nurses and appointed key sta-
keholders, in both the outpatient clinic and the surgical
ward, played crucial roles, serving as intermediaries
between the research team and the mHealth users, ensuring
successful implementation and integration.

Content of the mHealth pathway. The mHealth pathway
“Back Surgery” (Table 1), included the menu items: “How
to use the app,” “Functions in the app,” “Before surgery,”
“After surgery,” “Mostly for relatives,” and “Contact,”
which are available to all individuals and do not require the
patient to be registered or affiliated to the spinal surgery
department. Significant attention has been given to the devel-
opment of the “After surgery” section within the mHealth
pathway. The app included menu items such as “My appoint-
ments,” “My materials,” “Messages,” “My data,” and
“Questionnaire.” Access to these functions required the
patients to register with the spine surgical department.
Under “My appointments,” patients could view their surgical
date as well as scheduled appointments across all hospital
departments, allowing patients to view appointments related
to other treatment pathways.

Under “Mymaterials,” patients could access relevant infor-
mation tailored to their needs. During their pre-admission visit,
nurses distributed pertinent digital brochures concerning the
specific surgical procedure, anesthesia, and relevantmedication
information. Nurses from the ward regularly added relevant
articles if patients were started on a new medication and
removed articles from the menu if a medication was discontin-
ued. “Messages” allowedpatients to send and receivemessages
to and from the department, targeting specific recipients such as
medical secretaries, nurses before or after surgery, or phy-
siotherapists. The patients also received information on avail-
able questionnaires and messages from the ward nurses
through the messaging module. This feature included the pos-
sibility to submit photos. Via the “My data” function patients
could share information with the healthcare professionals
(HCPs) regarding blood pressure measurements.

In particular to this study, an electronic patient-reported
outcome (ePRO) system24 using the Danish version of the
Quality of Recovery-15 (QoR-15),25 Appendix A, was
included in the menu item “Questionnaire.” The patients’
responses provided the hospital ward nurses with access
to identify patients who required professional instructions

and guidance to self-manage their symptoms. Finally, the
app included a notification feature, which required patients
to opt in, allowing them to receive reminders for new mes-
sages or available questionnaires.

Patients, included in the intervention group, were intro-
duced to and registered as users of the mHealth solution
during their pre-admission visit with the nurse in the out-
patient clinic on the day they were scheduled for surgery.
Once registered, patients had access to all of the menu
items. The patients were informed about the timing of the
questionnaires in the app. The surgical ward nurses
repeated this information at the time of hospital discharge.

Nurse-led post-discharge care intervention based on ePRO
data. To categorize patients’ ePRO responses, the severity
classification of the QoR-15 26 was considered.Within the clin-
ician interface of the mHealth app, each response was automat-
ically assigned a color indicating whether the individual
patient’s QoR-15 total score ≥122, corresponding to “good
or excellent recovery” (green), 96–121 indicating “moderate
recovery” (yellow), or ≤95 indicating “poor recovery” (red).

Responses assigned to the “good or excellent” recovery
category were automatically archived, and nurses were not
required to take further action. In cases indicating “moder-
ate” or “poor” recovery, a notification appeared on the clin-
ician interface, calling for the ward nurses’ attention.
Subsequently, the responses were reviewed and assessed
by a nurse. In line with our findings from previous
research,27 the intervention particularly focused on support-
ing patients with poor sleep and experienced pain. Thus,
responses with item scores for Items 4 (Have had a good
sleep), 11 (Moderate pain), or 12 (Severe pain) < 5, trig-
gered a message from the nurse notifying and informing
the patients that they would be contacted on the same day.

Patients who had prior interactions with HCPs post-
discharge, and had an established supplemental recovery
plan, did not receive this message and accompanying tele-
phone call. Instead, they received the same message as the
other patients, who were stratified as either yellow or red,
but who had an item score of ≥5 in items 4, 11, or 12. In
these cases, a message from a nurse urged them to contact
the department if they felt that they needed advice or guid-
ance from a nurse or physiotherapist. Regardless of
whether a phone call was initiated by patients or HCPs, the
HCPs provided a care intervention consisting of support,
guidance, and counseling based on the individual situation.

Comparison group. The comparison group, derived from a
previous study,27 underwent assessment using the
QoR-15 scale and received standard care during the post-
discharge recovery period. Standard care involved paper-
based informational material concerning the specific surgi-
cal procedure, anesthesia, and relevant medication informa-
tion. During discharge, patients were invited to contact the
hospital ward’s nursing staff or physiotherapists by
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telephone, allowing participants to seek guidance and
advice from the inpatient unit as needed. Thus, post-
discharge contact between the patient and the HCPs
occurred solely at the patients’ initiative. Data were col-
lected, using an mHealth application. However, this tech-
nology exclusively incorporated questionnaires without
any additional features, and data were simply recorded
and utilized for statistical analysis.

Data collection and data sources

A flow diagram of the QoR-15 data collection is shown in
Figure 2. Data collection occurred at two distinct time
points in this study. Initially, data from the comparison
group were gathered between December 2021 and
September 2022, predating the design and development of
the intervention. Following this phase, the intervention was
implemented and tested, with data collected from the inter-
vention group spanning from August 2023 to March 2024.
This sequential approach ensured that data from the

Table 1. Content structure of the mHealth pathway.

I. How to use the app
II. Functions in the app

a. Invite your relative
III. Before surgery

a. Acute warning signs before surgery
b. Information concerning your surgery

IV. After surgery
a. Knowledge and expectations

i. The body’s reaction
1. Fatigue

a. Fatigue and exhaustion
i. Pain
ii. Side effects of medication
iii. Nervousness and worries
iv. Your healing body

b. Good advice
2. Pain

a. Back pain
b. Leg pain / nerve pain
c. Pain relief

i. Pain-relieving medication
3. Mental reactions

a. Worries
b. Loneliness and boredom

4. Reduced appetite and nausea
a. What to do
b. Antiemetics

ii. Acute warning signs
iii. Activity

1. Recommendations
a. General recommendations
b. Herniated disc and spinal stenosis
c. Lumbar fusions

2. Everyday activities
a. Gradually resume usual activities
b. Balancing activity and rest

3. Walking and cycling
a. Walking
b. Cycling

4. Exercise routines
a. Exercises after hospital discharge
b. Training program

i. Exercises, descriptions, photos, and videos
5. Pain-relieving stretches

a. Stretching exercises
i. Stretching exercises, descriptions, photos, and videos

b. Other pain-relieving strategies
b. Pain treatment

i. Medicine
1. Who is responsible for your medicine?
2. Medicine card
3. Opioid tapering plan
4. Information concerning your medicine
5. Prescription renewal

(continued)

ii. Opioid tapering
1. Opioid tapering

a. Gradually tapering
2. Discomfort associated with opioid tapering

a. Withdrawal symptoms
3. Increasing pain

a. Recommendations
c. Wounds and dressing

i. How to care for wounds
1. Wound care
2. Sticking plaster
3. The sticking plaster is waterproof
4. Bathing and swimming
5. Absorbable sutures
6. Avoid the sun

d. Bowel problems
i. Constipation

1. Opioid-induced constipation
2. Constipation symptoms
3. How to prevent or alleviate constipation
4. Laxatives

e. Food and drink
i. Food and drink

1. Dietary advice related to your surgery
a. Link to a brochure with dietary advice

V. Mostly for relatives
a. Relatives and My Hospital
b. How to take care of your loved ones
VI. My appointments
VII. My materials
VIII. Messages
IX. My data
X. Questionnaire
XI. Contact
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comparison group represented a baseline before the introduc-
tion of the intervention, while data from the intervention
group were collected during the implementation and evalu-
ation of the intervention itself. Patient demographics and
perioperative information were obtained from DaneSpine,
the Danish database of spine surgery.2,28,29 Frequency and
distribution of postoperative contacts in intervention and
comparison groups was determined using a journal audit.

Primary outcome measurements

The primary outcomemeasure of this studywas the assessment
of patient quality of recovery over time using the validated
Danish version of the QoR-15 questionnaire,25 Appendix A.
Each of the 15 items of the questionnaire was answered on

an 11-point numerical rating scale from 0 to 10. The total
score ranges from 0 to 150, with a higher score indicating a
better quality of recovery.25 We performed measurements
using the QoR-15 at four separate time points (see Figure 3).
The questionnaire was sent out to the patients 4 days before
surgery (baseline) and on day 1 (D1), day 7 (D7) and day 14
(D14) after discharge.Adigital reminderwas sent if the patients
had not answered the primary questionnaire within 24 h.

Sample size

The sample size was calculated to detect a difference in the
improvement of QoR-15 scores between the interventional
and comparison groups over time. Specifically, the aim was to
detect a difference between groups in the change from pre-

Figure 2. Flow diagram of the QoR-15 data collection.
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operative to post-operativeQoR-15 scores. The sample sizewas
estimated using the formula for a comparative clinical interven-
tional study.30 The Minimal Clinically Important Difference
(MCID) for the QoR-15 score was set at 8.0,31 and the
average standard deviation (SD) of the pre-operative scores
was approximately ±18.3.27 Consequently, for this study, a
minimum of 82 participants, 41 in each cohort was required.

Sample size =
2SD2 Zα

2
+ Zβ

( )2

d2

Sample size =
2 × 18.32

Z0.05
2

+ Z0.20

( )2

82

Sample size = 2 × 18.32(1.96+ 0.84)2

82
≈ 82

Secondary outcomes

Secondary outcome measures included the evaluation of
patient-perceived usability utilizing the validated Danish

version of the System Usability Scale (SUS),32 Appendix
B in the online supplementary materials.

The original SUS instrument33 is designed to assess the
usability of a system, product, or service. It is composed of
10 statements related to the user’s perception of the
system’s usability, such as ease of use and user satisfaction,
scored on a 5-point Likert scale ranging from “strongly
agree” to “strongly disagree.” The final scores for the
SUS range from 0 to 100, where higher scores indicate
better usability. A total score of 68 corresponds to an
average experience, while a score of 80 corresponds to a
good experience.34,35

In this study, the SUS survey was converted into an elec-
tronic format, compatible with the Survey Xact software
package, by the authors [Marianne Dyrby Lorenzen and
Casper Friis Pedersen]. We utilized a secure email platform
that allowed recipients to read and respond via the website
or the platform’s application. The SUS questionnaire was
distributed to those patients who completed the baseline
QoR-15 questionnaire.

A general open-ended and non-directive feedback ques-
tion36 was integrated into the survey’s conclusion to supple-
ment the closed questions within the SUS to uncover any

Figure 3. Timeline of patient pathways and data collection in the comparison group and intervention group.
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issues not addressed within the survey itself and to
empower the participants by giving them a voice, which
is in line with the participatory design methodology.17

Data were exclusively collected from the intervention
group, and the survey was distributed to each participant
within two weeks after the finishing of the individual
series of QoR-15 questionnaires (Figure 3).

The necessary permissions were obtained from the
respective copyright holders for the use of the Danish ver-
sions of the QoR-15 and SUS questionnaires in this study.

Statistical analysis

We used IBM SPSS Statistics for Windows (Version 28.0,
IBM Corp., Armonk, NY, USA) to analyze the data. Unless
otherwise stated, results are presented as means± standard
deviations (SD) in both text and graphs. A p-value of less
than 0.05 was considered statistically significant.

Frequency and distribution of postoperative contacts in
intervention and comparison groups. A chi-squared test for
independence was performed to determine whether the
total count of phone calls significantly differed from the
expected counts based on group size.

Repeated measures of quality of recovery (QoR-15) and
heatmap analysis. To assess changes in QoR-15 sum
scores over time, a within-subjects and between-subjects
longitudinal repeated measures analysis was employed.
Estimated marginal means for each measurement time
point were calculated and displayed in a profile plot with
95% confidence interval error bars. Pairwise comparisons
were used to evaluate the significance of changes over time.

An independent samples t-test was conducted to
compare the change in QoR-15 (Delta QoR-15) between
the control group and the intervention group. Cohen’s d
was applied to assess the effect size.

We created and compared heatmaps of the QoR-15 item
scores to identify patterns, differences, or similarities
between the data from the intervention group and the com-
parison group, respectively. This assisted us in visualizing
if any different factors affected the QoR-15 sum score
between the two groups. This two-dimensional visualiza-
tion combines numeric values with color to represent their
magnitude. Red (RGB: 248, 105, 107) indicates a value
of 0, yellow (RGB: 255, 235, 132) represents a median
value of 5, and green (RGB: 99, 190, 123) indicates a
value of 10. Variations between 0 and 10 are reflected by
both the hue and intensity of the color.

System usability scale

The responses of the SUS were converted to SUS scores
following the guidelines set by Digital Equipment
Corporation.33 The average SUS score (mean), its

variability (standard deviation), and distribution across the
population (percentiles) were reported. Additionally, a
histogram was created to visually represent the spread of
SUS scores.

Analysis of the feedback comments

The feedback comments were analyzed through a quantita-
tive assessment and qualitatively using an inductive coding
strategy and content analysis inspired by Decorte et al.36

Two independent reviewers [MDL] and [LN] analyzed
the comments individually, allowing for diverse perspec-
tives and minimizing bias, and coded the comments using
a line-by-line technique. The reviewers compared their find-
ings and reached a consensus on the identified themes and
codes through a thorough academic discussion. The com-
ments were translated from Danish to English after the
data analysis. All quotations were included in Appendix
C to ensure transparency and rigor.

Ethical considerations

The study complies with the ethical standards from the
Declaration of Helsinki.37 All participants received
written and oral information and gave their consent before
participation. The processing of personal data was submit-
ted to and approved by the Region of Southern Denmark
and listed in the internal record (File no. 21/32183).
Ethical approval was obtained from the local institutional
review board. The study was presented to The Regional
Committees on Health Research Ethics for Southern
Denmark but was deemed to be exempt from review (File
no. S-20212000-95 and Acadre 21/209).

Results

Baseline characteristics of the participants

A flowchart of the data collection is presented in Figure 2.
Two hundred and twenty-two of the possible 259 patients
(86%) completed the pre-operative QoR-15 baseline question-
naire. The analysis of the QoR-15 repeated measures included
data from a total of 150 patients, consisting of 77 women and
73 men, with 104 in the intervention group and 46 patients in
the comparison group, who completed the QoR-15 score at
baseline and at all three post-discharge time points. Baseline
demographics are presented in Table 2, indicating that the
two groups, despite the difference in the number of partici-
pants, are comparable across all mentioned parameters, includ-
ing age, gender distribution, smoking status, BMI, levels of
surgery, duration of symptoms, and patient-reported outcomes
that account for patients’ self-assessed of leg and back pain,
level of function, and quality of life.

Baseline comparisons between QoR-15 completers and
non-completers within the intervention group (see
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Table 2. Baseline demographics for the QR-15 participants.

Characteristics Intervention group Control group Dif. p

Number of patients, n 104 46

Age, years, mean (SD) 54.1 (15.4) 50.1 (11.3) 4.0 .101a

Gender, females, n (%) 57 (54.8) 20 (43.5) 11.3 .201b

Smoker, n (%) 14 (13.5) 7 (15.2) 1.7 .775b

BMI, mean (SD) 28.1 (4.2) 27.9 (3.7) 0.2 .867a

Previously operated, n (%) 21 (20.2) 8 (17.4) 2.8 .689b

Surgery at no. levels: one level, n (%) 90 (88.2) 39 (84.8) 3.3

Two levels, n (%) 11 (10.8) 6 (13.0) 2.2 .551c

Three levels, n (%) 1 (1.0) 1 (2.2) 1.2

Leg pain duration: no pain, n (%) 1 (1.0) 1 (2.2) 1.2

<3 months, n (%) 8 (7.7) 8 (17.4) 9.7

3–12 months, n (%) 52 (50.0) 21 (45.7) 4.3 .159c

1–2 years, n (%) 21 (20.2) 9 (19.6) 0.6

>2 years, n (%) 22 (21.2) 7 (15.2) 6.0

Back pain duration: no pain, n (%) 5 (4.8) 3 (6.5) 1.7

<3 months, n (%) 9 (8.7) 5 (10.9) 2.2

3–12 months, n (%) 35 (33.7) 15 (32.6) 1.1 .723c

1–2 years, n (%) 21 (20.2) 8 (17.4) 2.8

>2 years, n (%) 34 (32.7) 15 (32.6) 0.1

Functional impairment (ODI), mean (SD) 41.9 (14.7) 38.1 (14.6) 3.8 .141a

VAS: Leg pain, mean (SD) 63.6 (22.3) 59.8 (27.3) 3.8 .749a

Back pain, mean (SD) 51.3 (26.2) 49.3 (29.4) 2.0 .718a

Quality of life (EQ-5D-3L), mean (SD) 0.454 (0.284) 0.474 (0.304) 0.02 .416c

SF-36: Physical Component Score, mean (SD) 31.1 (5.9) 33.0 (7.4) 1.9 .091a

Mental Component Score, mean (SD) 43.6 (11.3) 48.1 (12.2) 4.5 .038a

Complications: Dural tears, n (%) 3.0 (2.8) 2.0 (4.5) 1.0 .642a

Nerve root injury, n (%) 0.0 (0.0) 0.0 (0.0) 0.0 1.000a

(continued)
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Table 3) indicate no significant differences, with the excep-
tion of the duration of back pain and EQ-5D-3L scores.
Non-completers did not report higher levels of pain, func-
tional impairment, or poorer scores on the SF-36 mental
component. However, a higher proportion (13.2%) of
smokers was observed among non-completers.

Frequency and distribution of postoperative contacts
in intervention and comparison groups

In the intervention group, 50 out of 104 patients (48.08%)
had postoperative contact with the clinical nurses, resulting
in a total of 81 phone calls, with an average of 0.779 calls
per patient. Of these, 53 calls (65.4%) were initiated by the
clinical nurses as part of the intervention, while 28 calls
(34.57%) were made at the patients’ initiative. Notably,
nine of the nurse-initiated calls (16.98%) were classified
as unnecessary, as the patients did not require advice or
guidance. The number of calls per patient ranged from 0
to 4. Conversely, in the comparison group, participants con-
tacted the nurses by phone a total of 28 times after dis-
charge, with the number of calls per participant ranging
from 0 to 5, averaging 0.687 calls per participant. This
represents a 27.91% higher average number of calls per
patient in the intervention group compared to the compari-
son group. However, this difference was not statistically
significant, as indicated by a p-value of .08, based on the
results of a chi-squared test for independence.

Completion rate of the QoR-15 questionnaires

The QoR-15 score was assessed at all four time points in
150 of 222 possible participants. This corresponds to a
completion rate of 67.6%.

Repeated measures of quality of recovery (QoR-15)

Therewas a significant improvement across timepoints in both
groups (p< .001), but no differences between groups (p=
0.442) (Table 4 and Figure 4). Specifically, the preoperative

QoR-15mean sumscoreswere 100.9 (SD= 19.8) for the inter-
vention group and 105.5 (SD= 18.3) for the comparison
group. On Day 1, the intervention group had a mean score of
106.2 (SD= 17.9) compared to 108.1 (SD= 19.2) for the com-
parison group, reflecting a difference of 1.9. By Day 7, the
mean QoR-15 sum score for the intervention group was
119.7 (SD= 17.2), while the comparison group had a mean
score of 118.5 (SD= 17.4), showing a difference of 1.2. On
Day 14, the intervention group’s mean score was 121.1 (SD
= 20.5) and the comparison group’s mean score was 120.7
(SD= 20.9), resulting in a difference of 0.4.

The intervention group had a mean QoR-15 change of
19.99 (SD= 22.68), while the comparison group had a
mean change of 14.93 (SD= 19.18). The t-test for equality
of means showed no statistically significant difference
between the two groups (p= .190). Additionally, effect
sizes were computed, yielding a Cohen’s d of 0.233 (95%
CI: −0.115 to 0.581), indicating a small effect size.

Heatmap analysis

The comparison of the heatmaps between the two groups
(Figure 5) revealed no discernible differences, indicating
similarity in item scores and distributions across the two
groups.

System usability scale

A total of 110 out of 154 possible respondents (71.4%) par-
ticipated in the SUS survey. Seventy-two patients (65.5%)
were included in the QoR-15 repeated measures analysis
and the remaining 38 patients (34.5%) were among the par-
ticipants who were lost to follow-up.

The distribution of the SUS responses is presented in
Figure 6 and the descriptive results are presented in
Table 5. The SUS scores ranged from 47.5 to 100. The
mean SUS score was 84.682 (SD 12.86). Based on the
results, 25% of participants scored below 76.9, 50%
scored below 87.5, and 75% scored below 96.6.

Table 2. Continued.

Characteristics Intervention group Control group Dif. p

QoR-15 sum score: Preoperative, mean (SD) 100.9 (19.8) 105.5 (18.3) 4.6 .186a

Day 1 mean (SD) 106.2 (17.9) 108.1 (19.2) 1.9 .717a

Day 7, mean (SD) 119.7 (17.2) 118.5 (17.4) 1.2 .682a

Day 14, mean (SD) 121.1 (20.5) 120.7 (20.9) 0.4 .961a

Note. ODI: Oswestry Disability Index; SD: standard deviation; SF-36: 36-Item Short Form Survey; VAS: Visual Analogue Scale.
aIndependent t-test.
bChi-squared test.
cMann–Whitney U test.
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Table 3. Baseline comparisons for QoR-15 completers and non-completers in the intervention group

Characteristics Responders Non-responders Dif. p

Number of patients, (n) 104 50

Age, years, mean (SD) 54.1 (15.4) 53.9 (15.8) 0.2 .879a

Gender, females, n (%) 57 (54.8) 20 (44.0) 10.8 .209b

Smoker, n (%) 14 (13.5) 13 (26.0) 13.2 .060b

BMI, mean (SD) 28.1 (4.2) 28.3 (4.7) 0.2 .757a

Previously operated, n (%) 21 (20.2) 6 (12.0) 8.2 .211b

Surgery at number of levels: one level, n (%) 90 (88.2) 41 (82.0) 6.2

Two levels, n (%) 11 (10.8) 9 (18.0) 7.2 .374c

Three levels, n (%) 1 (1.0) 0 (0.0) 1.0

Leg pain duration: no pain, n (%) 1 (1.0) 2 (4.0) 3.0

<3 months, n (%) 8 (7.7) 2 (4.0) 3.7

3–12 months, n (%) 52 (50.0) 31 (62.0) 12.0 .303c

1–2 years, n (%) 21 (20.2) 9 (18.0) 2.2

>2 years, n (%) 22 (21.2) 6 (12.0) 9.2

Back pain duration: no pain, n (%) 5 (4.8) 0 (0.0) 4.8

<3 months, n (%) 9 (8.7) 0 (0.0) 8.7

3–12 months, n (%) 35 (33.7) 27 (54.0) 20.3 .027c

1–2 years, n (%) 21 (20.2) 7 (14.0) 6.2

>2 years, n (%) 34 (32.7) 16 (32.0) 0.7

Functional impairment (ODI), mean (SD) 41.9 (14.7) 44.4 (13.8) 2.5 .324a

VAS: leg pain, mean (SD) 63.6 (22.3) 64.9 (21.7) 1.3 .736a

Back pain, mean (SD) 51.3 (26.2) 59.2 (22.8) 7.9 .072a

Quality of life (EQ-5D-3L), mean (SD) 0.454 (0.284) 0.329 (0.321) 0.125 .016c

SF-36: Physical Component Score, mean (SD) 31.1 (5.9) 31.0 (6.7) 0.1 .938a

Mental Component Score, mean (SD) 43.6 (11.3) 40.9 (12.9) 2.7 .210a

QoR-15 sum score: Preoperative, mean (SD) 100.9 (19.8) 103.5 (19.0) 2.5 .563a

Note. ODI: Oswestry Disability Index; SD: standard deviation; SF-36: 36-Item Short Form Survey; VAS: Visual Analogue Scale.
aIndependent t-test
bChi-squared test
cMann–Whitney U test
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Findings from the patients’ feedback comments

Among the 110 respondents in the SUS survey, 39 patients,
approximately 35% of the sample, provided feedback com-
ments. However, three of these comments were deemed
incomprehensible and were excluded from the analysis.
The length of the comments varied from 2 to 91 words
before translation into English. The analysis identified 48
statements, which were classified into five themes; (1)
Usability and functionality of the mHealth solution, (2)
Feedback on the QoR-15 questionnaire, (3) Safety and

sense of support, (4) Missing functions and suggestions
for improvements, and (5) Patient satisfaction, Appendix C.

Usability and functionality of the mHealth app. The partici-
pants expressed satisfaction with the mHealth app’s per-
formance, emphasizing qualities and conveniences. For
instance, one participant stated: “The app was very clear
and easy to use,5” while another appreciated the app’s cen-
tralized resources, noting: “Nice that pamphlets are gathered
in one place, and my arthritis treatment is on the same app.”4

Table 4. Outcomes, repeated measures QoR-15

Intervention group (n= 104) Control group (n= 46) Dif. p

QoR-15 sum score

Preoperative, mean (SD) 100.9 (19.8) 105.5 (18.3) 4.6 .442a

Day 1 mean (SD) 106.2 (17.9) 108.1 (19.2) 1.9

Day 7, mean (SD) 119.7 (17.2) 118.5 (17.4) 1.2

Day 14, mean (SD) 121.1 (20.5) 120.7 (20.9) 0.4

Note. SD: Standard deviation.
aRepeated measures multivariate test.

Figure 4. Repeated measures of quality of recovery (QoR-15). Cohort 1: Comparison group, Cohort 2: Intervention group. Time 1:
Preoperative baseline, Time 2: Day 1, Time 3: Day 7, Time 4: Day 14.
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The participants also commended the app’smultimedia fea-
tures, such as instructional videos,with one saying: “I also used
the app when doing exercises, and here it was nice to have the
opportunity to watch them on video.”14 However, some parti-
cipants encountered issues, such as errors in certain tabs:
“Several tabs had errors.Or it said that an error had occurred.”27
Despite these challenges, users valued the app’s guidance and
communication channels, as indicated by one participant’s
feedback: “Very good idea and a quick and easy way to seek
answers and communicate.”31 Overall, the feedback under-
scores the app’s effectiveness in providing clear guidance,
facilitating communication with HCPs, and offering quick
access to relevant information, which contributed positively
to the overall user experience.

Feedback on the QoR-15 questionnaire. Someof the feedback
comments concerned the QoR-15 questionnaire, and these
comments underscored several critical issues. Some of the
participants were confused about the question formulation,
with one commenting: “It was a bit confusing that some ques-
tions are formulated as ‘negative’… and some as positive.”7
Furthermore, the participants suggested a text field to elabor-
ate on their experiences of symptoms. As one participant
stated, “The questionnaire… could have a text field where
one could explain their checkbox selections.”8 Ambiguity in
questions led to inaccurate responses, as another participant
noted, “Some questions were in a bit of a gray area… I
answered incorrectly because it was just the opposite of the
questionnaire, you sent previously.”10 Moreover, participants
highlighted the questionnaire’s lack of specificity and com-
prehensiveness, noting its inability to capture the full spec-
trum of postoperative challenges.

Safety and sense of support. The participants’ comments
indicated the significance of feeling safe and supported
post-discharge, with the mHealth solution playing a

central role. As one of the patients expressed: “I felt safe
and in good hands after my operation by staying in touch
with ‘My Hospital.’”1 This highlights the reassurance
gained from staying connected to healthcare providers by
using the app. Moreover, the expression, “It provides
safety, and that is invaluable when you just had surgery”3
captures the importance of feeling safe during the post-
discharge recovery period. The ability of the app to offer
constant monitoring and support is further emphasized by
comments such as, “I felt monitored and assessed via fre-
quent questionnaires, which resulted in safety after dis-
charge.”14 Additionally, the tailored nature of the app,
specifically designed for “Back Surgery,” is emphasized
for its relevance and impact: “It is reassuring that it is rele-
vant to exactly my operation.”26 This tailored approach
extends to the training program is effective and beneficial,
which was noted as: “The training program for use after dis-
charge was good.”26

Missing functions and suggestions for improvements. The
participants identified various critical areas that call for
enhancement within the mHealth app. Specifically, for
patients who preferred to use the mHealth solution via
their computer instead of a smartphone or tablet, the
system lacked email notifications: “For those of us who
are more computer-minded than app-minded, it would be
nice to receive notifications by email.”7

Participants encountered functions within the app that
proved difficult to utilize or operate correctly, despite its
availability, such as the inability to submit their medical
data like blood pressure measurements: “Just before my
operation, I had to submit blood pressure measurements,
which was not possible to submit via the app, so I had to
call in the measurements to you.”12 In addition, one
expressed frustration over missing notifications, leading to
incomplete engagement with app features like

Figure 5. Comparison of QoR-15 item heatmaps.
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questionnaires: “I missed getting notifications when there
was something new in the app, such as questionnaires
after different numbers of days. This meant that I did not
answer some of them.”10

Several specific suggestions for improvement were
proposed, including integrating artificial intelligence
into rehabilitation planning to tailor programs to individ-
ual needs effectively: “It could be a good thing if it
became more visual, interactive, and personal, e.g., by
utilizing AI along with data about me to plan the
rehabilitation.”29

Furthermore, the participants suggested a more simple
notification setup and also the implementation of a search
function within the app, particularly for post-discharge
information. This indicates a need for user-friendly custom-
ization options and enhanced navigational tools, as empha-
sized by: “Maybe an easier way to set up notifications, so
you get notified when you need to reply to something”30
and “A search function in the app is desirable, especially
under ‘After discharge’, so that one can easily find what
they are looking for.”36

Patient satisfaction. The feedback comments indicated a
high level of patient satisfaction with the mHealth solution
and nurse-led intervention. Patients expressed benefits
derived from the app, using terms like “greatly benefited,”11
“all in all, a really good experience,”14 and “absolutely
ingenious… high praise.”15 Even in cases where patients
encountered technical challenges, satisfaction remained
evident, and the responsive support from healthcare staff

Figure 6. Distribution of system usability scale responses.

Table 5. System usability scale

N Valid 110

missing 0

Mean 84.682

Median 87.500

Mode 100.0

SD 12.8600

Minimum 47.5

Maximum 100.0

Percentiles 25 76.875

50 87.500

75 95.625
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enhanced patient trust and satisfaction with the app’s func-
tionality: “Apart from the fact that the app has ‘kicked me
off’ a couple of times, I have been very satisfied with it
and also with the response time from the staff, all in all, a
good and easy experience.”19

Discussion
This study assessed the effectiveness, usability, and patient
satisfaction of an mHealth pathway including an
ePRO-based post-discharge nurse-led intervention
designed specifically for patients who had surgery for
degenerative disorders in the lumbar spine compared to
standard care.

On the question of effectiveness, this study found that
there were no statistically significant differences between
the intervention group and the comparison group based
on the mean sum score of the repeated measures of
quality of recovery (QoR-15). Similarly, the two heatmaps
depicting the individual QoR-15 items also revealed no dis-
cernible differences, indicating similarity in item score dis-
tributions across the two groups.

The feedback comments regarding the QoR-15 question-
naire highlighted significant issues to consider. The most
striking finding is that the participants emphasized the ques-
tionnaire’s lack of specificity and comprehensiveness in
capturing the range of postoperative challenges. This
finding can contribute to questioning the applicability and
reliability of the QoR-15 questionnaire in assessing the
post-discharge recovery experience for patients who had
surgery for degenerative disorders in the lumbar spine.
An alternative to the QoR-15 could be a tailored question-
naire that includes more specific questions covering a wider
range of symptoms and experiences related to post-
discharge recovery. This was done by Jaensson et al.,38

who developed and psychometrically evaluated a 31-item
Swedish Web Version of Quality of Recovery
Questionnaire to day surgery patients to become a part of
a digital solution called “Recovery Assessment by Phone
Points (RAPP).” They incorporated contributions from
two existing questionnaires; The Swedish version of
QoR-24 39 and Postoperative Recovery in Children40

together with the Postoperative Recovery Profile,41 and
finally a study examining pain assessment in day surgery
patients.42 Furthermore, Jaensson and her colleagues incor-
porated a question:

“Do you want to be contacted by a nurse?” making it
possible for patients to request a follow-up call within
24 h on weekdays.38,43 Similarly, Higgins et al.44 created
a mobile app recovery indicators for patients who had anter-
ior cruciate ligament (ACL) reconstruction using the QoR-9
questionnaire, a visual analog scale for pain, and some
surgeon-specific questionnaires.

Regarding usability and patient satisfaction, an import-
ant result in this study was the mean score of SUS of

approximately 85, indicating an ‘above average’ user
experience. According to Lewis et al.,34 a SUS of 80 and
above reflects a ‘good experience’ of using the mHealth
solution. However, the percentiles from the statistical ana-
lysis indicated that there were variations in usability satis-
faction levels among the respondents, suggesting the need
for further investigation and potential improvements to
aim for consistently high satisfaction rates. Many of the
feedback comments supported the positive user experience.
However, this study also indicates recommendations for a
more user-friendly interface, incorporating a search func-
tion, and offering a more personalized experience, prefer-
ably through AI integration, to guide and strengthen
ongoing endeavors to enhance the solution.

Based on the feedback comments the significance of
feeling safe and supported post-discharge, facilitated by
the mHealth solution, became evident. The quotes under-
scored how technology, in the form of the “Back
Surgery” mHealth pathway and the companying nurse-led
intervention, not only provided a sense of security but
also seemed to foster a supportive environment crucial for
post-discharge recovery. This also prompts us to explore
the intersection of compassion within this context. Durkin
et al.48 emphasize that nurses can express an emotional con-
nection with the patient and use complex communication to
build an understanding of the patient’s needs which in turn
is an expression of compassion. Compassion begins with
one person recognizing or noticing another person’s suffer-
ing, which then motivates them to act and provide assist-
ance. The actions taken are appropriate for the situation
and are demonstrated through presence, behavior, and
words. This involves a deliberate effort to engage with
the suffering of another person to ease their pain.48,49 The
patients’ feedback comments in this current study advocate
that the nurse-led intervention in this study based on ePRO
data can be used as a way for nurses to demonstrate com-
passion in response to patients’ suffering during their post-
discharge recovery. However, exploring alternative
methods to uncover the patients’ poor recovery (suffering)
such as tailored questionnaires seems necessary to enhance
the assessment of post-discharge recovery experiences
more effectively.

Strengths and limitations

Concerning the research method of quasi-experimental
design, some limitations need to be acknowledged. The
lack of random assignment is the major weakness of this
study type, which potentially influenced the internal valid-
ity of our study concerning confounding variables, and any
events occurring concurrently with intervention.16

However, this study was strengthened by comprehensive
baseline demographic data that showed no significant dif-
ferences between the two groups despite the groups’ differ-
ent sample sizes. The generalizability of our findings is
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limited because this study was performed as a single-center
study, which potentially influences the external validity.50

In addition, the severity of the disease and the invasiveness
of the surgery were similar across both cohorts. Thus, we
were unable to evaluate the usability and applicability of
the mHealth app in patients with severe disease or those
undergoing more complex surgeries. Due to the limited
number of participants in our cohorts, it was not possible
to conduct meaningful subgroup analysis to assess the
effect of the mHealth pathway in relation to disease severity
or surgical complexity. It is therefore recommended that
future studies with larger populations investigate whether
an mHealth pathway offers specific benefits for patients
with more complex conditions or those requiring multiple
interventions.

In our study, the completion rate for the QoR-15 was
67.6%, corresponding to an attrition rate of 32.4%. The
absence of comparable studies with a similar method of
data collection and measurement intervals, specifically
those including four time points (preoperative and three
postoperative), complicates the assessment of whether this
attrition rate is acceptable. For comparison, Vlieger
et al.45 reported a completion rate of 78% with one pre-
operative baseline and two follow-up assessments by
mail, while Kim et al.46 achieved a completion rate of
97% with a preoperative and a 24-h in-hospital post-
operative measurement. The lower completion rate reflect
a common challenge faced by electronic surveys, which
generally exhibit lower response rates compared to trad-
itional methods like postal or telephone surveys.47 The
increased attrition rate in our study may be due to the inclu-
sion of four measurement points, which could have affected
participant retention.

In interpreting our findings, it is crucial to consider the
temporal context of the COVID-19 pandemic. The com-
parison group in our study was assessed during a more
acute phase of the pandemic, potentially influencing their
outcomes compared to the intervention group assessed
later. This temporal difference may have affected the
observed differences in outcomes between the groups.
Therefore, caution is warranted when generalizing these
findings to other phases of the pandemic or different health-
care settings.

A strength of our study is its focus on patients’ recovery
in the early phase after discharge, highlighting patient-
reported outcomes during this critical period. However,
the follow-up period was relatively short, which may
limit our ability to capture the long-term effects and out-
comes of the intervention. Future research should consider
incorporating a longer follow-up period to provide a more
comprehensive understanding of the intervention’s impact
over time.

Postoperative follow-up mHealth app solutions have the
potential to contribute significantly to health equity by pro-
viding accessible and tailored healthcare services.51

However, we did not ensure that our solution was designed
and implemented with a focus on addressing healthcare dis-
parities and meeting the diverse needs of patients of various
social groups. This can ultimately result in disparities in
access to and utilization of healthcare.52 Therefore, issues
concerning health equity will be taken under consideration
when the solution is further developed.

Additionally, a limitation of this study is the lack of con-
sideration for socio-economic differences among partici-
pants. Exploring how socio-economic status influences
the effectiveness of the mHealth pathway is crucial.
Patients from lower socio-economic backgrounds might
derive greater benefits from nurse-initiated assistance via
mHealth, compared to more educated patients who may
already possess sufficient health literacy. Future research
should therefore prioritize stratifying participants based
on socio-economic status to discern potentially significant
insights into the impact of mHealth interventions across
diverse demographic groups. This approach could
enhance the applicability and effectiveness of healthcare
strategies aimed at improving patient outcomes.

Conclusion
In conclusion, this study found no significant differences in
effectiveness between the mHealth pathway and standard
care for post-surgery recovery in lumbar spine patients, as
assessed by the QoR-15 questionnaire. However, partici-
pants’ feedback highlighted shortcomings in questionnaire
specificity, suggesting a need for tailored alternatives.
Usability and patient satisfaction were generally high, but
variation suggestions for improvements. The study under-
scored the importance of feeling supported post-discharge,
indicating that the intervention facilitated a sense of security
and support crucial for recovery, potentially embodying
compassion through nurse-led interventions.
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