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Abstract

Mobile health solutions for patient support have been proposed as promising and safe alternatives to
usual care in adults undergoing primary total hip and knee arthroplasty. Studies of such applications, how-
ever, have produced conflicting results and only moderate- to low-quality evidence.

This study aims to evaluate the short-term effects of a digital patient journey solution on patient-reported
outcomes and health care utilization in patients undergoing total hip and knee arthroplasty using a prag-
matic randomized controlled trial design. Randomly allocated patients in the control arm (n =35, 64 + 9
years) received usual care, while patients in the intervention arm (n = 34, 62 * 11 years) received the
digital patient journey solution in addition to usual care.

The primary outcome was health-related quality of life as measured by the EuroQol EQ-5D-5L scale. Sec-
ondary outcomes included functional recovery, pain, self-efficacy, patient experience, adherence to fast-
track protocol, and health care utilization. Participants were followed from a preoperative surgical visit
until a postoperative follow-up visit at 6-12 weeks.

The health-related quality of life, functional recovery, pain, patient experience, adherence to the fast-
track protocol, and health care utilization did not differ between the arms. During the study, however, the
self-efficacy to use digital health services (p=0.027) increased in the intervention arm.

Published under a CC BY 4.0 license (https://creativecommons.org/licenses/by/4.0/).
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The use of the digital patient journey solution was not superior to usual care in terms of patient-reported

outcomes and health care utilization. However, the solution improved the self-efficacy of patients to use

digital health services, which may lead to greater demand for similar digital offerings as patient become

more familiar with mobile health solutions.
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Introduction

The prevalence of osteoarthritis (OA) is rapidly in-
creasing due to an aging population and an increase
in obesity [1]. Total hip arthroplasty (THA) and total
knee arthroplasty (TKA) are common and cost-ef-
fective surgical operations to restore physical func-
tion, reduce joint related pain, and enhance health
related quality of life (HRQoL) in patients with end-
stage OA [2]. During the past decades, the number
of THA and TKA surgeries has been increasing at a
rapid rate [3,4].

Fast-track programs are generally successful and
lead to good clinical outcomes, but the fast-tracking
can be physically and psychologically challenging
[5]. Even though patients are generally satisfied
with the fast-track THA/TKA, they have diverse
health information needs at different stages of the
journey [6,7]. In addition, there is a need to foster
patient adherence in fast-track programs to reduce
modifiable risk factors, such as obesity, malnutri-
tion, alcohol and tobacco use, which may lead to
surgical complications [8].

Mobile health (mHealth) solutions have the poten-
tial to improve patient-provider communication
and increase access to healthcare and reliable
health information. In addition, they can increase
HRQol by facilitating independent living and main-
taining social interaction [9], reduce pain by pro-
moting self-management capabilities [9,10], im-
prove functional recovery by enhancing physical
activity [9-11], reduce health care utilization by
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improving patient adherence [10-13], decrease
postoperative costs by requiring lesser postopera-
tive physiotherapy and avoiding unnecessary
healthcare visits [13,14], and reduce health care
providers workloads by reducing the number of
phone calls [10] in THA/TKA patients.

Previous studies, however, have produced conflict-
ing results and only moderate- to low-quality evi-
dence due to lack of experimental designs, vali-
dated instruments, and standardized content [15].
In addition, none of previous solutions have cov-
ered the entire THA/TKA journey from admission to
discharge, and beyond, thus hampering infor-
mation sharing and care coordination [16].

Material and methods
Aim

The primary aim of the study was to test the hy-
pothesis that patients undergoing THA/TKA using
the digital patient journey solution attain better
HRQoL when compared to patients undergoing sur-
gery receiving usual care without the solution. Fur-
ther hypotheses assume that patients using the dig-
ital patient journey solution attain better functional
recovery, experience less pain, attain better self-ef-
ficacy and patient experience, adhere better to the
fast-track protocol, and utilize less healthcare re-
sources than the control arm.
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Design

A pragmatic randomized controlled trial (RCT) with
two parallel arms was conducted to evaluate the
short-term effects of a digital patient journey solu-
tion on patient-reported outcomes (PROs) and
health care utilization in patients with THA/TKA
[17].

Recruitment and randomization

The participants were screened and recruited dur-
ing their preoperative surgical visit from a single
university hospital in Finland by the research nurse.
Once enrolled, the patients were randomized in a
permuted blocks to either the intervention or con-
trol arm (allocation ratio of 1:1) by the research
nurse, using sealed, opaque envelopes. The code
break was kept secure by the research nurse.

Inclusion and exclusion criteria

Adult patients undergoing a primary, elective, and
unilateral THA/TKA due to OA were eligible for in-
clusion. In addition, participants had to have a
smart device; be able to communicate in Finnish;
and be able to give written informed consent. Pa-
tients with cognitive or physical impairment inhib-
iting the use of mobile devices or patients unable to
walk without walking aids were excluded.

Sample size and power

We aimed to detect a difference of 0.24 points
(standard deviation = 0.27) in the EQ-5D-5L scores,
which is considered a clinically important difference
[18,19]. In total, 66 patients were required with a
significance level a of 0.05, power of 90% and a
dropout level of 15%.
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Description of the interventions

During the study period, patient education was con-
ducted in person by a multidisciplinary team using
paper-based instructions and hands-on demonstra-
tions at the preoperative patient clinic visit (usual
care). Due to the COVID-19 pandemic, however, the
delivery of a routine follow-up of THA/TKA patients
changed from in person outpatient visits to phone
calls.

The intervention arm received the digital patient
journey solution in addition to usual care. With the
digital patient journey solution, we refer to solution
that provides monitoring features and advanced
communication by encompassing the entire chain
of care from the very first preoperative surgical visit
until the postoperative follow-up visit.

The solution consisted of a native app for THA/TKA
patients to support their patient journey (Fig. 1).
The app was installed onto patients’ personal smart
device during the preoperative surgical visit, and
they were informed about available technical
phone support throughout the trial. A single face-
to-face app training session was conducted by the
research nurse. The app comprises the following
features:

e Timeline with predefined tasks and clinical visits
in the chronological order

¢ Information with multimedia content

¢ To-do list with manual confirmation, automatic
reminders, and push notifications

e Self-monitoring for steps and pain

¢ Reporting forms and score cards

¢ Text chat and video calls

A clinician dashboard clinician consisted of design
features and multimedia messaging that was devel-
oped to monitor patient status, adherence to pre-
scheduled events and tasks, and intervene if pa-
tients require additional support (Fig. 1).
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Figure 1. The patient counselling was delivered through the digital patient journey solution consisting of

a native app for patients and a clinician dashboard for health care providers.

Data collection

PROs were collected between September 2019 and
April 2021 using linguistically validated self-admin-
istered questionnaires and Finnish hip and knee ar-
throplasty register data. Baseline assessment was
performed at the preoperative surgical visit. The
follow-up assessment was performed 6 to 8 weeks
post-discharge in patients with TKA and 8 to 12
weeks post-discharge in patients with THA. The
same research nurse administered the question-
naires at all timepoints.

Variables and outcomes

Baseline characteristics

Baseline demographics were collected with ques-
tionnaires and clinical characteristics were col-
lected from the electronic health records (EHR) dur-
ing the preoperative surgical visit.

Primary outcome
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The Finnish version of the EuroQol EQ-5D-5L scale
was used to evaluate HRQolL [20]. The EQ-5D-5L
consists of five domains related to mobility, self-
care, usual activities, pain/discomfort, and anxi-
ety/depression. An index value of the EQ-5D-5L was
calculated using the crosswalk value sets for UK and
Denmark [21] because the Finnish value set or
crosswalk set does not exist for the EQ-5D-5L. Pa-
tients’ health today was rated on a Visual Analogue
Scale (VAS).

Secondary outcomes

Functional recovery was measured with the Finnish
version of the Western Ontario and McMaster Uni-
versities Osteoarthritis (WOMAC) index [22] and
the Finnish version of the Oxford Hip Score (OHS)
and the Oxford Knee Score (OKS) [23,24]. The
WOMAC includes 24 items related to pain, stiffness,
and function. Both OHS and OKS consist of 12 items
related to pain and functional disability [25].

Intensity of pain was measured with the pain do-
main items of the EQ-5D-5L and WOMAC. In
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addition, the total amount of pain medication (opi-
oids), as retrieved from EHR, was estimated using
morphine milligram equivalents per patient [26].

Healthcare technology self-efficacy was measured
with an adapted version of the Healthcare Technol-
ogy Self-Efficacy (HTSE) scale which evaluates pa-
tient’s self-efficacy toward healthcare technology
[27]. The HTSE includes 4 items related to motiva-
tional factors influencing intention to use health
technologies.

Self-efficacy to perform preoperative and postoper-
ative tasks was measured with self-reported survey
items developed for the purposes of this study
which evaluates patient’s self-efficacy to perform
preoperative and postoperative tasks with two
items. Self-efficacy to perform postoperative reha-
bilitation activities, however, was measured with
four items only from the intervention arm via the
app at weeks 1, 3, and 5.

The patient experience regarding information suffi-
ciency was measured using two unvalidated ques-
tions: 1) | received enough information regarding
my care and 2) My family members/next of kin re-
ceived enough information regarding my care.

Adherence to the fast-track protocol and health
care utilization were extracted from EHR. Adher-
ence to the fast-track protocol was measured by
calculating the total number of patients who com-
pleted the pre-determined goals. By health care uti-
lization, we mean nursing intensity, as measured by
the Finnish version of the Oulu Patient Classifica-
tion qualisan [28], the Perioperatiivinen Hoitoisuus
gualisan [29], and use of health care services avail-
able, as measured by the length of stay (LOS), num-
ber of adverse events, rescheduling, number of
health care visits, and number of phone calls.

29.9.2023

SCIENTIFIC PAPERS

‘ VERTAISARVIOITU
k KOLLEGIALT GRANSKAD
' PEER-REVIEWED

www.tsv.fi/tunnus

Usage of the app during the study was measured by
calculating usage metrics from the log files of the

app.
Data analysis

All analyses used the intention-to-treat principle.
Continuous and categorical variables were summa-
rized using descriptive statistics. Missing values
were not imputed except in the WOMAC index; in-
dividual missing values were imputed with the
mean of a subject’s non-missing values on the sub-
scale. If 22 pain items, 2 stiffness items, or 24 func-
tion items were missing, imputation was not per-
formed, and the subscale score was not calculated.

A linear mixed-effects model was used to assess dif-
ferences over time between the study arms in EQ-
5D-5L, WOMAC, OHS, OKS, and HTSE. The study
arm, time, and their interaction were included as
fixed effects and patients as random effects. Differ-
ences in continuous variables were assessed using
Mann-Whitney U test. Differences in categorial var-
iables were assessed using Fisher exact test or chi-
squared test, as appropriate. Analyses were con-
ducted using R (version 4.0.3), RStudio (version
1.2.5042), and package nime (version 3.1-149) for
linear mixed-effects models. Conclusions on statis-
tical significance were based on the alpha level of
0.05. All performed statistical tests were two-sided.

Sensitivity analyses

Sensitivity analyses were performed to assess the
possible impact of the ongoing COVID-19 pandemic
on the results. We stratified the participants into
two arms, i.e., those who had undergone surgery
and completed the study before March 2020 and
those who had done so after March 2020, and then
analyzed the differences in the primary outcome
respectively.
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Ethical considerations

The study was approved by the local ethical com-
mittee (Ref no. 39/2019) in June 2019. The study
was carried out on a voluntary basis. Written in-
formed consent was obtained from participants be-
fore enrolment (Declaration of Helsinki, 2013).

Results

Subjects

Of the 707 patients screened for eligibility, 120
(17.0%) were found eligible, and a further 69 (9.8%)
underwent randomization (Fig. 2). Of the 69 pa-
tients who started in the trial, 63 participants (91%)
completed the study. The mean age of the patients
was 63.2 years and 38 (55%) were women (Table 1).
Both arms were statistically comparable for base-
line characteristics.

Health related quality of life

There were no statistically significant time-group
interactions between the control and intervention
arms in the HRQoL measured using EQ-5D-5L index
and VAS values (Table 2). The only statistically sig-
nificant time-group interaction in the EQ-5D-5L
subscales was the subscale of anxiety/depression
(p=0.01).
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Functional recovery, pain, self-efficacy, patient ex-
perience, adherence to the fast-track protocol, and
health care utilization

There were no statistically significant time-group
interactions in functional recovery (measured by
WOMAC, OHS, and OKS) and intensity of pain
(measured by subscales of EQ-5D-5L and WOMAUC,
Table 2, Table 3). There was also no statistically sig-
nificant difference in the use of opioids between
the control and intervention arms (Table 4).

There was a significant difference (p=0.027) in the
level of self-efficacy to use digital health services.
Self-efficacy to perform preoperative and postoper-
ative tasks (Table 3) and postoperative rehabilita-
tion activities did not differ between the study
arms. The patient experience regarding infor-
mation sufficiency did not differ between the study
arms.

Adherence to the fast-track protocol and health
care utilization (measured by nursing intensity, LOS,
adverse events, rescheduling, health care visits,
phone calls) did not differ between the study arms
(Table 4). There was, however, a non-significant
trend towards fever unplanned postoperative out-
patient visits in the intervention arm.
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Figure 2. CONSORT Flowchart of the study.
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study

3 no smart phone

1 other reasons
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Control arm (n=35)

Intervention arm (n=34)

Gender, women, n (%) 18 (51.4) 20 (58.8)
Age, years, mean (SD) 64 (8.5) 62 (11.2)
BMI, kg/m?, mean (SD) 30.9 (6.2) 29.1 (4.0)
Marital status, n (%)
Single 2(5.7) 5(14.7)
Cohabitating 4(11.4) 5(14.7)
Married or in a registered relationship 25 (71.4) 21 (61.8)
Divorced or widowed 4(11.4) 3(8.8)
Education, n (%)
Primary school or less 12 (34.3) 8(23.5)
Upper secondary school 8(22.9) 15 (44.1)
Bachelor’s degree or equivalent 12 (34.3) 4(11.8)
Master’s degree or higher 3(8.6) 7 (20.6)
Occupational status, n (%)
Employed 8(22.9) 13 (38.2)
Unemployed / on disability leave 3(8.6) 1(2.9)
Retired 24 (68.6) 18 (52.9)
Other 0(0.0) 2(5.9)
Type of surgery, n (%)
Total hip arthroplasty 16 (45.7) 12 (35.3)
Total knee arthroplasty 19 (54.3) 22 (64.7)
Prior surgeries, n (%)
Yes 34(97.1) 31(91.2)
No 1(2.9) 3(8.8)
Prior joint replacements, n (%)
Yes 12 (34.3) 10 (29.4)
No 23 (65.7) 24 (70.6)
Use of walking aid, n (%)
Yes 12 (34.3) 11 (32.4)
No 23 (65.7) 23 (67.6)
29.9.2023 FinJeHeW 2023;15(3) 312
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Table 2. Health related quality of life from baseline to follow-up.

Control arm Intervention arm p

Baseline Follow-up Baseline Follow-up i 5%

N Mean SD N Mean SD N Mean SD N Mean SD | group

EQ-5D-5L

Mobility 35 28 0.9 27 1.9 0.7 34 29 0.8 18 1.9 1.0 0.78
Self-care 35 16 0.7 27 13 0.5 34 13 0.7 18 1.3 0.6 0.34
Usual activities 35 23 1.1 27 18 0.8 34 20 0.9 18 1.9 0.9 0.42
Pain/discomfort 35 34 0.7 27 24 0.7 34 3.0 0.8 18 23 0.7 0.24

Anxiety/depression 35 1.6 0.7 27 1.2 0.4 34 1.2 0.5 18 1.4 0.5 0.01

Health today VAS 34 625 169 | 24 742 111 | 34 674 164 | 18 774 15.6 | 0.99
Index (DK) 342 0.6 0.1 27 08 0.1 34 07 0.12 | 18 0.8 0.1 0.19
Index (UK) 342 0.6 0.2 27 0.7 0.1 34 0.6 0.17 | 18 0.7 0.2 0.20

Abbreviations: VAS, Visual Analogue Scale; Index (DK), summary score derived using the crosswalk set for Denmark; Index (UK),
summary score derived using the crosswalk value set for UK.

Interpretation: Mobility, self-care, usual activities, pain/discomfort, anxiety/depression are scored from 1 (no problems) to 5
(unable to/extreme problems) points. Health today VAS is scored from 0 (the worst imaginable health) to 100 (the best imagi-
nable health). Index (DK) is scored from -0,624 to 1 and index (UK) is scored from -0.594 to 1. In both index values, negative
values indicate health state that is worse than death, zero indicates death, and one indicates full health.

aone outlier removed (>4 standard deviations from the mean.
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Table 3. Functional recovery and healthcare technology self-efficacy from baseline to follow-up.

Control arm Intervention arm P
Baseline Follow-up Baseline Follow-up time x
N Mean  SD N Mean  SD N Mean  SD N Mean SD group

Functional re-

covery
WOMAC

Pain 35 10.3 3.7 28 5.3 4.1 34 9.4 3.3 18 5.6 3.3 0.24
Stiffness 35 3.8 1.5 28 2.6 1.7 34 4.2 14 18 2.7 14 0.31

Physical func- 35 34.3 13.2 28 184 12.7 34 29.2 12.1 18 15.3 11.6 0.65
tion

Total 35 48.5 17.1 28 26.3 17.8 34 42.8 15.5 18 23.7 153 0.60

Oxford Knee 18 23.6 7.3 15 35.1 7.9 18 24.6 7.1 17 37.0 5.4 0.80
Score

Oxford Hip 14 19.6 9.2 13 41.8 6.7 10 179 8.7 10 39.3 6.8 0.88
Score

Healthcare
Technology
Self-Efficacy

| think it is 35 4.4 0.7 27 3.8 1.2 34 4.2 1.1 21 4.2 0.9 0.132
easy to use

digital health

services

| find the use 35 1.6 0.9 27 2.1 1.4 34 1.9 1.2 21 1.8 1.2 0.127
of digital

health  ser-

vices unpleas-

ant

I am confi- 35 4.6 0.5 27 4.0 11 34 4.2 1.0 21 43 1.2 0.027
dent in my

ability to use

digital health

services

| can use digi- 35 4.5 0.7 27 4.0 1.3 34 4.4 0.7 21 4.5 0.8 0.095
tal health ser-

vices without

much effort

Abbreviations: WOMAC, Western Ontario and McMaster Universities Osteoarthritis index; SD, standard deviation

Interpretation: WOMAC: scale for pain is 0-20 points, stiffness 0-8 points, function 0-68 points, and total score 0-96, higher val-
ues indicating poorer condition. Oxford Hip Score and Oxford Knee Score: scale ranges from 0 to 48, with higher values indicat-
ing better condition. Healthcare Technology Self-Efficacy: Likert scale from 1 to 5 (i.e., from completely disagree to completely
agree), with higher values indicating higher self-efficacy.
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Table 4. Use of opioids, adherence to the fast-track protocol and health care utilization.

N Control arm N Intervention arm P value
Pain
Use of opioids
MME, median (IQR) 35 141 (91; 177) 29 123 (84; 197) 0.530
Fentanyl IV (microg), median (IQR) 26 80 (25; 179) 24 48 (20; 71) 0.096
Adherence to the fast-track protocol, n (%)
Mobilized on Day O (yes) 35 24 (68.6) 29 23(79.3) 0.402
Mobilized for elbows on Day 1 (yes) 35 19 (54.3) 28 13 (46.4) 0.616
Discharged on Day 2-3 (yes) 35 27 (77.1) 29 25 (86.2) 0.522
Health care utilization
Nursing intensity
OPCq on Day 0-11 34 4(4;4) 29 4(4;4) Na
OPCq on Day 1-2 34 3(3;4) 29 3(3;3) 0.437
OPCq on Day 2-3 12 3(3;3) 12 3(3;3) 1.000
Perihoiq (points) during operation 19 17 (15; 19) 18 16 (15; 17) 0.262
Perihoiq (class) during operation 19 4(3;4) 18 4(3;4) 0.731
Perihoiq (points) post operation 19 15 (14; 17) 15 13 (13; 16) 0.100
Perihoiq (class) post operation 19 3(3;4) 15 3(3;4) 0.252
Length of stay (days), median IQR 35 2(2;3) 29 2(2;3) 0.951
Adverse events, n (%) 32 4 (12.5) 27 0(0.0) 0.118
Rescheduling, n (%)
Surgery (yes) 35 6(17.1) 29 9(31.0) 0.242
Follow-up visit (yes) 34 8(23.5) 29 2(6.9) 0.092
Health care visits, n (%)
Preoperative outpatient visits 35 29 0.304
1 visit 25 (71.4) 17 (58.6)
2-9 visits 10 (28.6) 12 (41.4)
Postoperative outpatient visits (planned) 31 5(16.1) 27 2(7.4) 0.432
Postoperative outpatient visits (unplanned) 31 8(25.8) 28 3(10.7) 0.187
Calls prior surgery 0.798
0 calls 35 23 (65.7) 29 18 (62.1)
1-4 calls 12 (34.3) 11 (37.9)
Calls postsurgery 31 27 1.000
0 calls 19 (61.3) 16 (59.3)
1-5 calls 12 (38.7) 11 (40.7)

Abbreviations: MME, morphine milligram equivalent; IQR, interquartile range; OPCq, Oulu Patient Classification qualisan; PERI-
HOIq, Perioperatiivinen Hoitoisuus qualisan.® All had value of four, the P value could not be calculated.
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Sensitivity analyses

The results from the COVID-19 sensitivity analyses,
in which the patients were stratified into the arms
of people completing the study before and during
the COVID-19 pandemic, respectively, were con-
cordant with the unstratified results.

Usage of the app

The median time spent for registration of the app
was 2.1 minutes (interquartile range 1.6—3.9). In ad-
dition, the time spent on initial training took on av-
erage 21.1 (standard deviation 4.9) minutes. During
the study, median app usage time was 194 minutes,
the median number of app usage days was 44, and
18 patients (58.1%) sent messages. The app was
used both before and postsurgery. The app crashed
four times for one patient and once for another pa-
tient. Obtained errors (n=5) were related to the ex-
ecution or timing of notifications and reminders.
The preoperative queries were related to labora-
tory tests (no:7), preoperative preparation (no:4),
pain management (no:1), care planning (no:19),
and the app itself (no:6). The postoperative queries
were related to laboratory tests (no:1), pain man-
agement (no:9), medication (no:7), wound (no:1),
discharge (no:2), follow-up visit (no:5), and recov-
ery (no:3). In addition, one subject sent three im-
ages related to signs and symptoms of an infection
preoperatively.

Discussion

This is the first pragmatic RCT with repeated meas-
urements to evaluate the effects of a digital patient
journey solution on PROs and health care utilization
in patients with THA/TKA. Unfortunately, the exper-
iment failed to confirm our hypothesis that the use
of digital patient journey solution improves PROs
and reduces health care utilization in total joint ar-
throplasty.
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In line with previous studies using mHealth applica-
tions [13-14], the HRQoL did not differed between
the study arms due to lack of significant between-
groups difference in the functional recovery and
pain, which are the two main dimensions of HRQoL
[23]. According to Christiansen et al. [8], mHealth
solutions can increase HRQolL by facilitating inde-
pendent living and maintaining social interaction.
The factors associated with the superiority of digital
solutions on HRQoL, however, are unknown.

According to our findings, the EQ-5D-5L sub-scale of
anxiety/depression differed slightly between the
study arms. However, it remains inconclusive
whether this difference was due to the difference
at baseline or app usage. In addition, the level of
anxiety was low in our population. In the previous
literature, anxiety and depression have had an ad-
verse impact on health care utilization, intensity of
pain, and HRQolL. Standardized preventive solu-
tions are, however, lacking despite a number of dif-
ferent mental health apps have decreased the lev-
els of anxiety [30].

Previous experimental [9,10] and quasi-experi-
mental [11] studies have found significant be-
tween-groups difference in the functional recovery
and intensity of pain by using mHealth solutions
with and without tailored exercise programs (daily
exercises, reminders, and real-time tracking) which
have increased physical activity and improved func-
in THA/TKA patients [9-12],
whereas our solution focused solely on untailored

tional recovery
multimedia content. The factors associated with
the superiority of digital solutions vs. conventional
care, however, are not clear.

During the study period, the level of self-efficacy to
use digital health services increased slightly in the
intervention arm. However, the self-efficacy to per-
form preoperative and postoperative tasks and
postoperative rehabilitation activities did not differ
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between the study arms. In the previous 12-week
single-arm intervention study, self-efficacy for
managing symptoms and daily activities improved
significantly by using digital behavioural health in-
tervention in patients undergoing TKA [31]. How-
ever, rigorous assessment will be needed to con-

firm these findings in the future.

According to Abdeen et al. [3], mHealth solutions
can increase compliance with a preoperative proto-
col and thus, reduce the LOS by using timed remind-
ers. During the study, however, adherence to the
fast-track protocol did not differ between the study
arms, which may be related to highly standardized
practices and optimized pathway due to existing
Lean approach. In general, the use of digital solu-
tions has decreased postoperative costs by avoid-
ing unnecessary healthcare visits in patients with
THA/TKA [10,13-14].

In line with previous literature [14,32], the use of
the digitalized solutions did not reduce the number
of phone calls, which may be due to lack of comfort
and familiarity with technology. In addition, pa-
tients may prefer calling in certain circumstances,
e.g., they are accustomed to take care of health
care issues via phone, they might have several
guestions, they need to reschedule the surgery due
to flu symptoms during the COVID-19 pandemic.

Strengths and limitations of the study

Contrary to previous moderate- to low-quality evi-
dence, this is the first pragmatic RCT using lan-
guage-appropriate and culturally validated ques-
tionnaires to evaluate the multiple effects of digital
patient journey solution in patients undergoing
THA/TKA. Contrary to previous studies, the whole
THA/TKA journey from admission to discharge and
beyond was covered to support the patient journey
from a multidisciplinary perspective.

29.9.2023

SCIENTIFIC PAPERS
;‘J KOLLEGIALT GRANSKAD

' PEER-REVIEWED

www.tsv.fi/tunnus

A number of limitations in the current study are,
however, acknowledged. First, the intervention
was not pilot-tested because the feasibility and us-
ability of the digital patient journey solution has
been tested in other surgical specialties and coun-
tries. Second, results may have limited applicability
to settings outside of university hospitals, other
countries, or to patients who are younger or have
not previously undergone surgery. Third, blinding
of the study arms was unfeasible. The arm assign-
ment was, however, blinded until the baseline as-
sessments were completed. Fourth, the response
rates for the follow-up questionnaires were lower
in the intervention arm, which might decrease the
power of the study. Despite the intervention arm
receiving push notifications about the assessment,
the dedicated response time ended prematurely,
leading to a lack of responses. Fifth, during the re-
cruitment, 20 patients declined due to their re-
sistance to technology adoption, while two partici-
pants were lost due to technical issues with the
downloading the app. The app usage statistics stud-
ied here, however, do not allow a closer examina-
tion of the usage behavior of the patients.

Recommendations for further research

Tailored exercise programs with real-time tracking
should be designed to improve physical activity and
thus, functional recovery in patients with THA/TKA.
The tailored exercise programs could be integrated
as part of the digital patient journey solutions cov-
ering the whole THA/TKA journey from admission
to discharge and beyond. Future research is needed
to understand the factors associated with the supe-
riority of digital solutions to develop theory-based
interventions. Digital patient journey solutions can
be used to improve patient-provider communica-
tion, but the effects should be evaluated as an ele-
ment of digital care rather than supplementing con-
ventional in person follow-up. In addition, the
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impact of digital solutions should be evaluated at by
patients (e.g., patient-reported health status, pa-
(e.g.,
system perfor-

tient experience), healthcare providers

changes in processes and
mance/health), and health organizations (e.g., re-
duction of cost, implementation costs, error rates)
level using standardized outcomes, measurement

tools, and time points in patients with THA/TKA.

Conclusions

The use of the digital patient journey solution was
not superior to usual care in terms of patient-re-
ported outcomes and health care utilization. How-
ever, the solution improved the self-efficacy of pa-
tients to use digital health services, which may lead
to greater demand for similar digital offerings as pa-
tient become more familiar with mobile health so-
lutions. This improved self-efficacy also confirms
the suitability of the digital patient journey solution
and opens up the possibility for more nuanced ex-
amination in future research.
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