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Abstract

Background: Osteoarthritis (OA) is one of the most common disabilities in the elderly. When conservative manage-
ment fails, total joint arthroplasty (TJA) is the treatment of choice for end-stage OA. Since quality and durability of
implants has steadily improved, pre -and postsurgical processes moved into the focus of research. Hence, eHealth
approaches offer an opportunity to provide a more available continuity of care. Regarding individualized pre-, peri-,
and postsurgical stages, eHealth is expected to improve patient engagement, self-care, and outcomes across the
surgical pathway. Aim of this study is to evaluate the effectiveness of the eHealth application “alley”as an adjuvant
intervention to TJA. The app provides comprehensive information to empower patient with hip or knee OA to prepare
and accompany them for their TJA surgery. Our primary hypothesis is that the pre- and postoperative adjuvant use of
the eHealth application “alley” (intervention group, IG) leads to improved functional outcome.

Methods: Prospective, randomized, controlled, multi-center trial including n=200 patients diagnosed with hip and
n =200 patients with knee OA (n=200) scheduled for TJA. Patients of both groups will be randomly assigned to one
of two study arms. Patients in the intervention group will receive access to the functions of the “alley” app. The app
presents informative (e.g., information about osteoarthritis), organizational (e.g., information about medical rehabili-
tation), and emotional/empowerment (e.g., information about the relationship between mood and pain) content.
Patients evaluate their condition and functional level by means of standardized digitally questionnaires. Patients in
the control group will not receive any functions of the app. Assessments will be performed at baseline before, 10 days
after, 1 months after, 3 months after, 6 months after, and 12 months after TJIA. Primary outcome is change from base-
line measured by the Hip Osteoarthritis Outcome Score or Knee injury and Osteoarthritis Outcome Score 3 months
after TJA. The statistical analysis (t-test for independent variables with effect size Cohen's d) is performed separately for
patients with TKA and THA.
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cant effects for the app can be demonstrated.

Randomized controlled trial

Discussion: Overall, the study aims to improve the understanding of the benefits of eHealth applications in the
treatment of elderly patients with knee or hip arthroplasty. The approach is novel since a health care companion

is combined with a digital information platform enabling direct and continuous feedback from the patients to the
therapeutic treatment team. As the study investigate the effectiveness under everyday conditions, it is not feasible

to control whether the patients in the IG read the educational information of the app respectively the control group
consume additional information from other sources. However, this increases the external validity of the studly if signifi-
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Introduction

Background and rationale {6a}

Osteoarthritis (OA) is one of the most common disabili-
ties in the elderly. With a lifetime risk of 25% in the popu-
lation aged 85 years, symptomatic hip OA represents one
of the most prevalent diseases [1]. Similarly, the preva-
lence of knee OA increases with age and can be detected
in up to 44% in subjects older than 80 years [2]. OA is a
heterogeneous disease evoked by several causes, includ-
ing local and systemic, genetic, and environmental fac-
tors, and is consequently difficult to prevent [3, 4]. When
conservative management fails, total joint arthroplasty
(TJA) is the treatment of choice for end-stage OA to reli-
ably relieve pain and restore joint function [5, 6]. TJA
is considered to be one of the most successful surgical
procedures, while it has been shown as a cost-effective
intervention for patients who do not benefit from con-
servative approaches [7]. Worldwide, more than 1 million
TJAs are implanted annually [8], and it is expected that in
future the number of surgeries will further increase due
to demographic changes [3, 9].

Since the quality and durability of implants has stead-
ily improved over decades, the pre -and postsurgical
processes moved into the focus of research in order to
achieve potential improvements. For instance, the opti-
mal care after hospitalization has not yet been deter-
mined and shows a broad variety of treatment [10].
From diagnosis, therapy and rehabilitation to aftercare,
patients have intensive contact with various actors of the
health care system. This patient’s “journey” often extends
over years and entails several loops within the health sec-
tor, resulting in high costs and diverse short and long-
term results. Process optimization pathways in health
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care represent a possibility with great economic lever-
age. Moreover, these improvements may enhance process
outcomes and thereby enable long-term savings. Current
literature identified options for improving specific parts
of the patient's journey, e.g., patient satisfaction as qual-
ity indicator of healthcare or patient adherence [11, 12].
Further studies specified patient education as distinct
option for optimizing patient pathways, while preop-
erative education and knowledge showed positive effects
regarding adverse events, cost-effectiveness, and pain
and function after TJA [13] as well as improved outcomes
and reduced hospital stay [14, 15]. In order to achieve an
implementation in clinical routine, eHealth approaches
are currently being deployed, e.g., to address patient edu-
cation with regard to TJA [16]. EHealth, defined as “the
use of information and communication technologies
for health” by the WHO [17], offers an opportunity for
health professionals to provide an enhanced and more
available continuity of care to serve the patients indi-
vidual needs [18]. Digital interventions can be constantly
updated, have the potential to increase patient engage-
ment, enhance patient recovery, and reduce potential
postoperative complications [16]. In addition, eHealth
may improve cost-effectiveness as patients can receive
time- and space-independent support before and after
treatment [19, 20, 21]. Regarding individualized pre-,
peri-, and postsurgical stages, eHealth is expected to
improve patient engagement, self-care, and outcomes
across the surgical pathway [18].

Objectives {7}

Aim of the study is to evaluate the effectiveness of the
eHealth application “alley” as an adjuvant intervention
to total joint arthroplasty (TJA) as current gold standard
of treatment in patients with knee and hip OA scheduled
for surgery. In the presented study design, these two indi-
cations will be investigated independently of each other.
Nevertheless, for both patients’ groups data collection is
carried out via “alley” application. Accordingly, the pri-
mary outcome is change from baseline in the functional
status measured with the total scores of the Hip Osteo-
arthritis Outcome Score (HOOS) for patients scheduled
for total hip arthroplasty (THA) and the Knee injury
and Osteoarthritis Outcome Score (KOOS) for patients
scheduled for total knee arthroplasty (TKA).

The primary hypothesis is that the pre- and postop-
erative adjuvant use of the eHealth application “alley”
(intervention group, IG) leads to improved functional
outcome 3 months after TJA in patients with knee or
hip OA compared to their equivalent control group
(CQG) that did not use the application. In this research,
the overall effect of the application as complex interven-
tion will be evaluated as standalone entity. Individual
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sub-questions on the subject of health literacy or in
which format information should be administered to
patients are not evaluated. Our secondary hypotheses
are that the eHealth application will further improve
pain, quality of life, depression and anxiety, optimistic
mood, and risk of falling.

Trial design {8}

The trial is planned as a prospective, randomized, con-
trolled, non-blinded multi-center study to compare
“alley” with standard treatment with scope of a superi-
ority study design in two independent indications. Two
hundred patients scheduled for THA and 200 patients
scheduled for TKA will be independently randomly
assigned to the IG or CG. Assessments will be performed
at baseline before TJA (f,), 10 days after TJA (¢;), 1
months after TJA (¢,), 3 months after TJA (¢;), 6 months
after TJA (t,), and 12 months after TJA (t;).

Methods: participants, interventions,

and outcomes

Study setting {9}

The study will be conducted in eight clinical sites in Ger-
many. A total of two academic hospitals and six commu-
nity clinics participate in the study. The full list of these
clinics can be obtained via German Clinical Trials Reg-
ister (https://www.drks.de/) under the registration code
DRKS00025608.

Eligibility criteria {10}

Patients presenting at one of the study sites with the indi-
cation for knee or hip replacement who are scheduled for
TJA will be screened for inclusion and exclusion criteria.
The screening is usually performed by the physician in
charge during the consultation. Study inclusion is per-
mitted with a signed informed consent form. Inclusion
and exclusion criteria are displayed in Table 1.

Who will take informed consent? {26a}

During the first ambulatory visit, patients are verbally
informed about the study by the attending physician in
conjunction with a written patient information. At this
point, the patients are already screened and assigned to
the CG or IG by means of randomization. After this visit,
patients have time to consider participation until the next
mandatory pre-stationary consultation (1 to 2 weeks
before surgery). In case of study participation, the group
allocation remains. If a decision is made against partici-
pation, the allocation is canceled.

Additional consent provisions for collection and use
of participant data and biological specimens {26b}
Not applicable. No biological specimens will be obtained.
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Table 1 Inclusion and exclusion criteria of the alley app trial
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Inclusion criteria

1. Scheduled hip or knee arthroplasty
2. (OPS code 5-820/5-822)

3. Both gender the ages older than 18 years
4. Ownership of a smartphone or internet-enabled device (e.g, tablet)
Exclusion criteria

1. Knee or hip arthroplasty due to emergency
(e.g., after afall)

2.Knee or hip arthroplasty due to revision surgery

3. Level 3 care degree or higher according to the German long-term care insurance

4. Cognitive impairment of any kind (according to the assessment of the attending physicians) that prevents the proper use of the app

5. Neurological disorder (e.g., Parkinson’s disease, MS, dementia) (according to the assessment of the treating doctors) that prevents the proper use

of the app
6. Severe psychiatric disorder that prevents the proper use of the app.
7. Patient’s age younger than 18 years
8. Insufficient knowledge of German language to use the app
9. No ownership of a smartphone or internet-enabled device
10. Women in pregnancy
11.Women during lactation

Interventions

Explanation for the choice of comparators {6b}

Patients in the CG also have an indication for knee or
hip replacement and receive the current state-of-the-art,
gold standard therapeutic intervention (TJA). The com-
parator group differs from the IG in the fact that patients
cannot use the functions of the “alley” application. Since
alley is an accompanying adjuvant eHealth intervention,
this type of CG is well-suited to directly compare the
effects of the app solely. Nevertheless, the (non-func-
tional) application must be installed on a smartphone
or an internet-enabled mobile device as it is used for the
questionnaire survey and data entry.

Intervention description {11a}

The adjuvant use of the “alley” eHealth application in
addition to TJA is defined as IG. The application is
hosted by the VBMC ValueBasedManagedCare GmbH
and is offered for Android and Apple mobile devices.
The application is intended to prepare and accompany
hip or knee arthroplasty. The application contains edu-
cational content, which is displayed on the patient’s
smart device according to their actual individual needs
within the healthcare system. The program and its
contents were systematically developed by a multi-
professional team consisting of medical physicians,
psychologists, health scientists, economists, and com-
puter scientists. The development was realized in a
multi-stage process with the involvement of all pro-
ject partners and external consultants. Development
was based on existing guidelines and evidence-based

materials for patient information. Didactically, text-
based information modules were elaborated to guide
patients through the health care system before and
after surgery. The app provides comprehensive infor-
mation to empower the patients. Patients receive push
notifications on their mobile phones at regular inter-
vals before and after surgery. The content of patient
education is structured into three dimensions: (1)
informative (information about daily life with osteo-
arthritis, origin of pain, treatment options, surgi-
cal procedures, daily life with joint replacement), (2)
organizational (information about important contact
persons after surgery, medical rehabilitation proposal,
medical and non-medical remedies and aids), and (3)
emotional/empowerment (information about reha-
bilitation targets, relationship between mood and
pain, new habits, managing daily challenges). In sum-
mary, patients receive information about the disease,
its treatment and aftercare as well as strategies for
actively coping with the disease and its implications.
These include cognitive and behavioral strategies for
emotional relief, well-being, and social support. The
app further provides information about which medical
documents should be brought to the attending physi-
cian and which topics may be relevant to ask during a
doctor’s consultation.

In the app, patients have the possibility to evaluate
their condition and functional level by means of stand-
ardized medically validated questionnaires. Data on pain
and functioning can continuously be entered by patients
as personal monitoring.
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In the IG, these patient’s data can be displayed on
the physician’s web-based dashboard in the hospital to
provide in-depth patient-reported information dur-
ing operational reconnaissance. In line with the gen-
eral purpose, the collected information is to be used in
a supportive and accompanying manner by the patient
and service providers involved to improve quality and
optimize diagnostics and therapy. The aim of the appli-
cation is to guide patients with osteoarthritis of the
hip a knee through the health care system, to provide
support for these patients, and to provide the attend-
ing physician with continuous information about the
patient’s health. The patient reported outcome ques-
tionnaires implemented in this study are not only used
as part of it but represent an integral part of the appli-
cation enabling patients to report their actual condition
to their treating physician at any time.-The app inter-
vention therefore promotes individualized medicine. In
the context of the study, the use of the web-based dash-
board by physicians is optional.

Criteria for discontinuing or modifying allocated
interventions {11b}

A discontinuing or modifying allocated intervention
during the study period is not foreseen. The program-
ming code of the application cannot be changed or
adapted during the study. External conditions, e.g.,
arthroplasty joint revisions, have no influence on the
use of the app. On the contrary, postoperative com-
plications should be recorded descriptively with the
application at follow-up.

Strategies to improve adherence to interventions {11c}
Patients are reminded via push notification when new
content is available to read. The notifications remain in
the alley application until the corresponding information
article has been read. In addition, each patient receives
150 EUR after the questionnaire has been completed 3
months after surgery.

Relevant concomitant care permitted or prohibited

during the trial {11d}

The study is designed within the scope of health ser-
vices research to evaluate alley in the real environment.
Accordingly, all additional interventions, by the patient,
e.g., physical therapy, additional pain medication are per-
mitted and are surveyed.

Provisions for post-trial care {30}

Patients can continue to use the app for self-monitoring
after the trial. The patients who were initially in the CG
get access to the educational materials in the alley appli-
cation after 12 months, when the trial is completed.
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Outcomes {12}

Standardized and self-constructed questionnaires are
applied to operationalize the target criteria. After reg-
istration with alley, all patients undergo an onboarding
process, in which patients complete the medical ques-
tionnaires. In total, patients are surveyed at six measure-
ment time points: Baseline before the surgery (¢,) and 10
days after surgery (¢;) as well as 1 (¢,), 3 (¢3), 6 (¢,), and
12 months (t;) after TJA.

The primary outcome is change from baseline in func-
tional status measured by the Hip Osteoarthritis Out-
come Score (HOOS) or Knee injury and Osteoarthritis
Outcome Score (KOOS) 3 months after TJA. The sta-
tistical analysis will be carried out separately for the two
medical indications. Further secondary endpoints of the
study are depression, anxiety, physiological, mental, and
social health, pain, risk of falling, dispositional optimism
and pessimism, patients’ expectation, post-operative
complications, satisfaction with treatment, perceived
knowledge of the patient about the disease, and health
literacy. The secondary endpoints will also be analyzed
separately for patients with hip and knee complaints. An
overview of the instruments and measurement times is
given in Table 2.

Participant timeline {13}

An overview over the participant timeline is provided in
the flowchart in Fig. 1 and supplemented with the ques-
tionnaires to be completed in Table 2. The patients com-
plete various questionnaires at six measurement points.
This results in a study time expenditure of approx. 180
min for the patients.

Sample size {14}

The sample size was calculated considering the expected
effect size, power, measurement time point, and design
effect and was performed with the open access program
G*POWER [29]. The statistical analysis and correspond-
ing sample size calculation are conducted separately for
hip and knee patients.

Sample size calculation for patients with osteoarthritis

of the hip

The sample size calculation for patients with osteoar-
thritis of the hip is based on an average change score
of 9 points with a standard deviation of £ 15 points in
the total score of HOOS observed in other interven-
tion studies after three months [30, 31]. Based on this
data available, an effect of 0.6 can be assumed. With a
standard a-risk of 0.05 and a statistical power of 0.8 (1
— B), a sample size of =61 patients in each group is
required to obtain significant differences in Student’s
t-test for independent variables. This number of cases
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Table 2 Target criteria, assessment instruments, and measurement time points

Target criteria

Assessment instruments

Measurement time points

t, t t, t; ot s

Primary outcome
Joint functioning

Patients with hip replacement: X X

Hip Osteoarthritis Outcome Score (HOOS [22];)

Patients with knee replacement: X X X X X X
Knee injury and Osteoarthritis Outcome Score (KOOS

[23])
Secondary outcomes
Pain Visual analog scale (VAS) X X X X X X
Depression and anxiety Depression, anxiety and stress scale (DASS [24])) X X X X X
Physiological, mental, and social health Patient-Reported Outcomes Measurement Information X X X X X X
System (PROMIS®-29 [25];)
Patients’ expectations Credibility/expectancy questionnaire (adapted from [26]) X X X X X X
Patient satisfaction Patients' Experience Questionnaire (PEQ [27];) X X
Dispositional optimism and pessimism Life-Orientation-Test (LOT-R [28];) X X X X
Risk of falling Self-constructed questionnaire X X X X
Post-operative complications Self-constructed questionnaire X X X X X
Knowledge about the disease (patients'health literacy)  Self-constructed questionnaire X X
Knowledge about postoperative behavior (patients’ Self-constructed questionnaire X X
health literacy)
Perceived knowledge of the patient about the disease  Self-constructed questionnaire X
(Physician questionnaire)
Sociodemographic variables ICHOM standard set for hip- and knee osteoarthritis X

(International Consortium for Health Outcomes Measure-

ment)

will be enlarged to consider any potential data missing.
Due to observed dropout rates of up to 20% [32], exclu-
sion of patients due to errors in data entry (4%) [33], an
approximate across-the-board increase due to the risk
of complications due to corona the number of patients
to be included is increased to achieve the required sam-
ple size at the time of measurement 3 months post-
surgery. Therefore, #=100 participants and »n=100
controls were supposed to be recruited for the THA
evaluation group.

Sample size calculation for patients with osteoarthritis

of the knee

The required sample size for patients with osteoar-
thritis of the knee is also calculated using data from
the literature [30, 34, 35]. Similar to the results on the
hip, we derived an average change score of 9 points
with a standard deviation of £15 points in the total
score of the KOOS yielding to an expected effect size
of 0.6. With an a-risk of 0.05 and a statistical power
of 0.8 (1 — B), a sample size of #=61 patients in each
group is required to obtain significant differences in
Student’s ¢-test for independent variables. The number
of required cases is further expanded to consider any

missing. I summary, » =100 patients and » =100 con-
trols were supposed to be recruited for the TKA evalu-
ation group.

Therefore, the total number of patients to be included
is n=400.

Recruitment {15}

Recruitment is performed by medical consultants in each
of the eight study locations. Immediately after surgery
indication for total hip/knee arthroplasty (THA/TKA),
patients will be informed about the study and receive
further information material. The patients are addressed
directly by the attending physician, which increases com-
pliance to study participation. Each study site recruits
both patients with knee or hip problems and allocate
these patients to the corresponding group based on the
randomization sequence.

Assignment of interventions: allocation

Sequence generation {16a}

A 1:1 randomization has been conducted, assigning
patients to either CG or IG for THA or TKA, respec-
tively. For this purpose, two randomization lists have
been created using Excel random number generator,
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P » Enroliment with information on study (written patient information)
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alley-Application
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Post-operative survey
t, (10t day)
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Phase 3
Data analysis ITT/PP analysis
& reporting

Fig. 1 Trial design

creating separate lists for THA and TKA. These lists
contained a predefined identification code for each indi-
cation, which was randomly assigned to the IG or CG.
If patients agreed to participate, they were assigned to
this list and thus received a unique identification code.
This personal code serves as login for the “alley” appli-
cation. As the randomization list was a shared online
document for all study sites, simultaneous double sub-
missions had to be avoided. For this reason, block rand-
omization has been used for blocks of 50 patients. This
means that each of the eight study sites is allocated to a
fixed slot of 50 patients on the randomization list. During
patient recruitment, these slots are successively filled. If
more than 50 patients are to be recruited, new slots can
be released at the end of the list. The randomized alloca-
tion of patients to either IG or CG allows minimizing the
inclusion of patients with strong affinity for using digital

applications in the IG. Randomization will ensure an
equal distribution of patients.

Concealment mechanism {16b}

The randomization codes are accessible to all study sites
in a shared trial list. The list is located in a secure “con-
tainer” on the internet that can be accessed after registra-
tion (www.tresorit.de). Access is granted after two-factor
authentication. No personal patient data are stored in
the online directory. The list contains study ID, group
affiliation, a unique dial-in pin for the alley application,
the study arm (hip or knee), a selection field for mark-
ing the ID used, and a selection field for marking the
hospital. The assignment of the allocated IDs to corre-
sponding patients is handled by the participating hospi-
tal sites themselves. Therefore, the assignment list (code
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to patient) is only available to the treating hospital. At
the time of recruitment, the treating physicians had no
knowledge of which group the patients were assigned to.

Implementation {16c¢}

Physicians make use of the pre-randomized lists and
allocate patients to the next unused slot, starting from
the top. The assignment to either IG or CG is performed
during consultation. After screening and handing out
study information, the patient is directly allocated to IG
or CG by the physician. For this purpose, the physician
accesses the secure online “container,” selects the next
free slot with an ID code in the randomization list, and
assigns it to the patient. The extracted ID code must be
entered in the alley application via installation and indi-
cates to which group the patient has been assigned to.
After this outpatient clinic appointment, patients have
time to decide whether they want to participate till the
next consultation (approx. 14 days before surgery). In the
case of study participation, the group allocation remains;
otherwise, the ID will be removed.

Assignment of interventions: blinding

Who will be blinded {17a}

Neither patients nor medical stuff are blind to the inter-
vention. Patients know whether they are IG or CG by
receiving educational content or just receiving question-
naires by the app. Medical stuft will receive information
on patients’ medical history only from patients of the
IG. Therefore, blinding during the study is not possible.
However, statistical analysis is performed by a blinded
analyst.

Procedure for unblinding if needed {17b}

Not applicable. No unblinding necessary, as trial partici-
pants and care providers are not blinded. Unblinding of
the data analyst is not intended.

Data collection and management

Plans for assessment and collection of outcomes {18a}

The collection of patient data is exclusively performed in
digital form through the alley application. Both stand-
ardized and self-constructed questionnaires are used
(Table 2). All data are registered pseudonymously in an
online database.

Primary outcome: physical functioning

To measure the global physical functioning of the hip,
the widely utilized 40-item-version of the Hip Osteoar-
thritis Outcome Score (HOOS) will be used. The score
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evaluates patient outcomes in the five subscales pain,
symptoms, activity of daily living, sport and recrea-
tion function, and hip-related quality of life. The HOOS
includes all Western Ontario and McMaster Universi-
ties Osteoarthritis Index (WOMAC LK 3.0) questions.
The score demonstrates good construct validity and high
responsiveness [22]. Physical functioning of the knee will
be measured with the Knee injury and Osteoarthritis
Outcome Score (KOOS). The score measures physical
functioning on the same subscales and has a sufficient
test-retest reliability and convergent as well as divergent
construct validity [23, 35].

Pain

A unidimensional single-item visual analog scale (VAS-
pain) is used to measure pain intensity within the last
week. Pain values were measured by placing a mark on
a 10 cm line representing a range between “no pain” and
“worst pain”

Depression and anxiety

The 21-item depression, anxiety and stress scale (DASS)
is applied to screen signs of depression and anxiety.
The instrument has three subscales: depression, anxi-
ety, and stress, each with seven items. The reliability by
means of Cronbach’s alpha ranged from .76 for the sub-
scale anxiety to .88 for depression. Sensitivity (77%) and
specificity (83%) are good and achieve similar results
compared to established test questionnaires, e.g., Hos-
pital Anxiety and Depression Scale [24].

Physiological, mental, and social health

The Patient Reported Outcomes Measurement Infor-
mation System (PROMIS-29) is a research initiative
to improve and standardize the measurement of self-
reported physical, mental, and social health character-
istics. The 29-item score surveys seven health domains
(physical function, fatigue, pain interference, depres-
sive symptoms, anxiety, ability to participate in social
roles and activities, and sleep disturbance) and in addi-
tion pain in a numeric rating item ranging from 0 to 10
(no pain to worst pain). The items of the PROMIS-29
are combined into a physical and a mental health sum-
mary score with corresponding excellent reliability (.98
to .97) and good reliability [25].

Patient expectations

The 6-item credibility/expectancy questionnaire evalu-
ates treatment expectancy and rationale credibility of
patients. The expectancy factor of the questionnaire can
predict outcome on some measures. In total, the score
has a good of Cronbach’s alpha reliability of .85 [26].
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Patient satisfaction

Patients’ Experience Questionnaire (PEQ) is a 16-item
questionnaire on hospital stay. The questionnaire
assesses satisfaction with physicians, nursing staff, and
service. The reliability by means of Cronbach’s alpha
can be considered very good ranging from .81 for ser-
vice evaluation to .94 for nursing staff evaluation. Due
to the good to very good correlation with scales from
the Cologne patient questionnaire, the PEQ provides an
initial good external validity [27].

Dispositional optimism and pessimism

The 10-item Life-Orientation-Test (LOT-R) survey
individual differences between optimism and pes-
simism based on specific personality traits. The
relevance of the construct of optimism has been
impressively demonstrated in numerous studies. Lon-
gitudinal studies have shown positive correlations
with psychological well-being, physical health, health
behavior, positive recovery processes, and lower mor-
tality. The score shows moderate reliability of .69 for
optimism and.59 for pessimism by means of Cron-
bach’s alpha [28].

Other outcomes

The other parameters risk of falling, post-operative com-
plications, knowledge about the disease and postopera-
tive behavior (patients’ health literacy), and perceived
knowledge of the patient about the disease (physician
questionnaire) are evaluated with self-constructed ques-
tionnaires. The knowledge questions for the patient rep-
resents the topics of the information provided by the
alley application.

Plans to promote participant retention and complete
follow-up {18b}

The electronic data collection enables time and cost
reductions, as well as compliance with quality stand-
ards through automatic completion checks. Patients
are reminded to fill in the questionnaires by the app.
In addition, each patient receives 150 EUR after the
questionnaire completion 3 months after surgery. Due
to the study design and the adjuvant design of the alley
intervention, a deviation from intervention protocols
is not expected. Further actions to ensure a complete
follow-up at all measurement time points are not
intended.

Data management {19}
All data entries of the patients are made in the alley appli-
cation and stored online. The data platform is hosted in
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a highly secure data center in Germany (Diisseldorf, RZ
equinix. DU1). Only pseudonymized data is stored with
the patient’s consent. The complete study data can only
be viewed by the study primary investigator (JH) for the
purpose of data analysis. The electronic data collection
enables automatic checks for completeness and plausibil-
ity. Input errors can be excluded due to the study design.

Confidentiality {27}
As mentioned, only pseudonymized data is stored online
with the patient’s consent. In particular, no clear names
or personal data are kept online at any point. Also, no
data is stored on the application or the end device itself.
The allocation of the clear names to the study data
remains in the treating cooperating study sites. Once the
study has been completed, the study data are transferred
from the secure data center to an offline storage device
(external hard drive) and kept in a vault for 10 years
according to good clinical practice. The data on the serv-
ers is then deleted.

Plans for collection, laboratory evaluation, and storage
of biological specimens for genetic or molecular analysis
in this trial/future use {33}

Not applicable.

Statistical methods
Statistical methods for primary and secondary outcomes
{20a}
A two-arm evaluation will be performed. In one arm,
all patients of the “hip intervention group” and their
CQG are analyzed. In the other study arm, the evaluation
of the “knee intervention group” and their correspond-
ing CG is carried out. A combination of the data from
the two study arms is not intended. The statistical anal-
ysis is performed separately for patients with TKA and
THA by means of mean, median, standard deviation,
and quantiles to initially depict the patient collectives
and the primary and secondary endpoints descriptively.
The Kolmogorov-Smirnov test as well as histograms
and QQ-plots are applied to evaluate normal distribu-
tion of all continuous variables. Differences at baseline
between IG and CG are assessed with Student’s ¢-test
for independent variables in case of normally distrib-
uted data or with the Mann-Whitney U test in case
of non-normal distribution. Categorical variables are
examined by y* or Fisher’s exact test. If differences are
observed, data risk adjustment with logistic regression
is applied.

To evaluate outcome differences between the groups,
delta values (change scores) are calculated in each group
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between the adjacent measurement time points (ti-tj,
j>1i) for each variable. To address our main superiority
hypothesis, delta values from baseline to 3 months post-
surgery of the IG and CG are statistically examined using
Student’s t-test for independent variables. Addition-
ally, Cohen’s d effect size and its 95% confidence interval
will be calculated. Cohen’s d is a measure of the effect
size for mean difference between two samples regard-
ing interval-scaled variables. Values of d=0.20 represent
small, d=0.50 medium, and values from d=0.80 large
effect [36]. In the case of non-normally distributed data,
the Mann-Whitney U test is applied. To investigate dif-
ferences at the follow-up measurement time points, fur-
ther ¢-tests were performed. Because of multiple testing,
an alpha error correction according to Bonferroni will be
applied.

Significant differences between the several measure-
ment times ¢, to f; are evaluated with analyses of vari-
ance with repeated measures and paired Student’s -test
for normally distributed data. The Friedman test and the
Wilcoxon test are used in the case of non-normally dis-
tributed data.

Interim analyses {21b}

After 3-month post-surgery, the main analysis will be
performed to address the primary research question.
The analysis will be conducted by a blinded statistician
and the results will be published. Main analysis will be
conducted after twelve months by the same blinded
statistician.

Methods for additional analyses (e.g., subgroup analyses)
{20b}

In addition to regular statistical analysis group differ-
ences will be analyzed regarding sex, age, and second-
ary diseases. If significant differences are found, risk
adjustment will be conducted by logistic regression
analysis.

Methods in analysis to handle protocol non-adherence

and any statistical methods to handle missing data {20c}

The allocation of patients to the IG and KG is realized via
an individual ID, which can only be assigned once. Once
the patient enters the ID received from the attending physi-
cian into the alley application, the patient is clearly assigned
to one of the two groups. Accordingly, protocol errors
regarding randomization are not to be expected. Further, it
is not possible to verify whether the patients of the IG are
reading the provided digital information. Feedback on the
usefulness of the application is only provided indirectly by
physicians and patients themselves during the survey.
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As this trial uses an online survey, missing data
within one questionnaire is not possible. If a survey
is not completed at a measurement point, the exist-
ing data will be used for the evaluation. Generally, an
intention-to-treat (ITT) analysis as well as a per pro-
tocol (PP)-analysis will be performed. However, the PP
analysis is used exclusively to validate the ITT analysis.
To address our research question, the main analyses are
carried out exclusively by means of ITT.

Plans to give access to the full protocol, participant-level
data, and statistical code {31c}

Not applicable; no plans to give external access to the
full protocol, participant level-data, or statistical code.

Oversight and monitoring

Composition of the coordinating center and trial steering
committee {5d}

Not applicable. The study is coordinated by the Depart-
ment of Orthopaedics at the University Medical Center
Hamburg-Eppendorf. There is a research fellow who
is mainly responsible for the implementation of the
study, but no specific trial steering committee has been
established.

Composition of the data monitoring committee, its role

and reporting structure {21a}

Due to the direct input of data and the central digital
storage with direct access by the primary investigator, a
data monitoring committee is not necessary. There will
be no external data and safety monitoring board. Data
and safety monitoring will be the responsibility of the
principal and associate investigators.

Adverse event reporting and harms {22}
The alley application does not involve any risk for the
users beyond those associated with standard -care.
Patients in the IG merely receive detailed information
and complete questionnaires. Patients in the CG com-
plete questionnaires only. In both groups, the alley appli-
cation is given as a supplement on top to the standard
treatment (TJA). In addition, the application is approved
as a “class 1 medical device” A systematic literature
search, which was conducted in the process of obtaining
approval as a medical device, indicated that studies with
comparable applications do not provide any indication of
hazards or harm [37, 38, 39, 40, 41].

Participation in this trial will not entail additional risks
beyond those associated with standard care.
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Frequency and plans for auditing trial conduct {23}

After training the individual trial sites in the use of the
alley application and patient recruitment, no further
structured audits are planned. This approach is justi-
fied as after recruitment, no further interventions need
to be conducted by the medical staff at the hospital sites.
The app operates autonomously on the patient’s mobile
device.

Plans for communicating important protocol amendments

to relevant parties (e.g., trial participants, ethical
committees) {25}

There are no specific risks in relation to the study itself.
In case of important unexpected protocol modifications,
all multi-center study sites will be informed, recruitment
will be temporarily discontinued and the local ethics
committee will be informed by amendment. Concur-
rently, the participating patients will be informed in writ-
ing about the changes.

Dissemination plans {31a}

The app will be available in App stores. The results of the
study will be used to optimize app features and will be
published in peer reviewed journals.

Discussion
Improvement of care for patients with TJA is a subject
of ongoing discussion [10]. Over time, different digital
approaches have been developed to address this issue.
Digital technologies aim for improvement by target-
ing different aspects of care, such as patient education,
structural improvements of pre- and post-operative
management, physical training programs, and enhanc-
ing health-related quality of life [e.g., [16, 33]. The use
of eHealth tools enables medical advice and support
independent of actual contact hours and may lead to
cost savings [19, 20], as has been indicated in system-
atic reviews [21]. Next to general economic effects, it
was shown that patients with hip or knee osteoarthri-
tis benefit from a targeted educational and self-directed
training programs by significantly reduced pain and
an improvement in quality of life [42]. Further studies
suggest improved treatment results and reduced length
of inpatient stay [14, 15]. A Cochrane review summa-
rizes the effects of pre-surgical education of patients
with hip and knee arthroplasty to be beneficial regard-
ing cost efficiency, unwanted results, pain, and physical
functioning [13].

Digital solutions offer a promising opportunity to
provide pre-operative education to achieve the above-
mentioned improvements. In line with these findings,
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effects of the digital alley application are likely to be
found in various areas. With the present multi-center
study, the effectiveness of the adjuvant application is
compared with a usual care therapy CG (gold stand-
ard treatment group). Alley’s approach is novel since
the app combines an intelligent companion and infor-
mation platform along the treatment pathway with
direct and continuous feedback from the patients to the
therapeutic treatment team due to standardized ques-
tionnaires implemented in the application. By offering
a dashboard that includes patient entered data to the
medical stuff, the medical consultation hours can be
tailored to individual patient needs, allowing more effi-
cient medical consultations in terms of both time/costs
and quality. Doctors and caregivers can use the alley
dashboard in various situations, e.g., digital anamnesis
support, early identification of risks and complications,
and follow-up of treatment success. Intensity of the
use of the dashboard is not measured or evaluated as
part of the study. In comparison, the applying patents
receive emotional, content-related, and administrative
support throughout the treatment pathway. Accord-
ingly, it can be assumed that patients received higher
satisfaction with treatment, experienced increased
empowerment, and increased quality of life.

Strengths and limitations

The present study will have clear strengths and weak-
nesses. Methodologically, the study is designed as a
prospective, randomized, controlled, multi-center trial
with clear inclusion and exclusion criteria. Although the
basic conditions of the patients are similar in all clinics,
it cannot be excluded that clinic-internal processes or
procedures influence the change in outcome (e.g., differ-
ent surgical accesses, special pain management within a
clinic, etc.). Since the study examined the effectiveness
under everyday conditions, it could not be controlled
whether patients in the IG read the patient-educational
information provided by the “alley ortho companion”
app or whether patients in the CG did consume addi-
tional information from the Internet or brochures in
preparation for TJA. However, this type of study design
increases the external validity, which improves the gen-
eralizability of the study results. Concurrently, it should
be noted that there are certain limitations regarding
the transferability of the results to the general target
group of the application. The external validity could be
distorted by the incentive of 150 EUR per patient. We
cannot exclude the possibility that the patients have
engaged with the app particularly intensively for this
reason. Nevertheless, we believe that differences in the
HOOS and KOOS score between the IG and CG can
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still be directly attributed to the intervention due to
the randomized controlled trial design. Another limita-
tion is that the use of a digital application requires the
ownership of a mobile device, the ability to handle the
device, and the ability to handle the app itself. Due to the
advanced age of the patients with osteoarthritis, some
individuals could be systematically excluded from the
effects of the intervention. For these patients, the most
important core information from the alley application
could be provided to as written handout or brochure. To
systematically examine this potential third study arm,
the sample size would have had to be highly increased,
which was not possible for logistical and economic rea-
sons in the current design.

Conclusion

Overall, the study aims to improve the understanding of
the benefits of eHealth applications in the treatment of
older people with knee or hip arthroplasty, which has a
positive impact on society and the health economy. The
results could provide beneficial effects for study partici-
pants. Patients will be able to monitor their symptoms
and recognize changes at an early stage, which may be
cause for medical consultation.

Trial status

In July 2021, the first patients were included in selected
study sites to evaluate the proposed recruitment man-
agement and functionality of the application according
to our ethical approved study protocol (ver. 2 from 12
May 2021). Active patient recruitment by all study sites
is conducted from 01 September 2021 till 30 February
2022, followed by a maximum of 12-month follow-up.
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