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ABSTRACT
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This study aims to assess the quality, user friendliness of current smartphone applications (“apps’) available for
total hip (THR) and total knee (TKR) arthroplasty patients and identifies patient preferences regarding the content
of an ideal rehabilitation app.

The Google® Play and Apple® app stores were systematically searched. The Mobile App Rating Scale (MARS)
and the Systematic Usability Scale (SUS) were used for the assessment of apps. A questionnaire was designed and
used in a post op orthopaedic clinic at a large tertiary center. 102 patients (52 TKR and 50 THR) completed the
questionnaire.

Nine apps were included in the systematic review. On MARS assessment, the mean overall score was 3.55/5. The
highest and lowest mean scores were seen in the functionality (3.86/5) and aesthetics (3.44/5) subscales respectively.
The mean overall SUS score was 75.3/100 (Grade B) with a range of 51.25 — 95.

Both scales suggested moderate levels of quality and user friendliness of currently available apps, but with
significant variation between apps. Patient preferences are not currently ideally matched by available apps.

Keywords: Outcomes Research, Patient Outcome Assessment, Real World Evidence, Technology, Health Care

Costs.

INTRODUCTION

The use of smartphones has become extremely
common worldwide with the number of smartphone
users reaching 5.22 billion by the end of 2020'.
The influence of portable technology is evident
amongst older populations with 65% of over 65-year-
olds using a smartphone in a 2020 review?. The
potential of mobile devices in healthcare to organize
appointments, communicate results and provide a
source of information and education is massive’.
Mobile applications are now commonly used by
healthcare professionals to communicate both generic
and specific information with patients, especially in
the monitoring of chronic diseases such as diabetes*
osteoarthritis’ asthma® and coronary heart disease’.
Such systems can help obtain accurate and real time
data for virtual patient management, in lieu of a

traditional face-to-face examination. This decreases
the costs of healthcare and gives flexibility to interact
at a time and place suitable to both the patient and
provider®2,

Total hip replacement (THR) and Total knee
replacement (TKR) are common operations, with
approximately 205,000'* carried out in the United
Kingdom (UK) in 2019. Rehabilitation after such
procedures is suitable for self-management'®. In the
UK, no post-operative rehabilitation app is currently
recommended by the NHS, leaving individual patients
to seek their own source of advice or seek advice from
their healthcare provider.

OBJECTIVES

Our study has two main aims, to systematically review
the quality of the available smartphone applications in
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THR and TKR surgery using the Mobile App Rating
Scale (MARS) and System Usability Scale (SUS),
and to survey patient opinions and needs regarding
the desired content of an ideal postsurgical follow-up
app. This data would then be used to further evaluate
the content of current generation of mobile health
(mHealth) apps and propose design improvements.

METHODS
Systematic Review of Available Applications

A Population Intervention Comparison Outcome
(PICO) framework was used to establish the basis
for the review. Two authors performed a search to
review the apps currently available for patient use in
UK between 2nd November 2021 and 14th February
2022 in the Apple® app store and Google Play® app
store yielding 1634 results (Figure 1). The search
findings were recorded and then screened to remove
duplications and irrelevant programs using Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) methodology.

Inclusion criteria for Apps:

. App available to UK based patients

. App in the English language

. App designed for use of patient (not clinician).

. App has specific target of THR/TKR or contains a

section targeting THR/TKR

. App is not game based

6. App can be free of charge or contain a paywall/in
app purchasing (patients may be willing to pay for
a service of benefit; so, apps that charge a fee were
considered).

7. App has had an update within the last 18 months
(i.e., the developer is still actively upgrading the
product).

8. App has generic basis, so not targeted at one
specific clinician (usually surgeon) and their
patients. Apps related to a specific prosthesis were
considered, as long as the content/advice remained
generic

9. App does not involve physiotherapist assessment

and bespoke exercise prescription as part of

induction process.

AW N —
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A total of 15 applications were included (Table I).
Information regarding the apps’ development, user
numbers, star rating and most recent update were
collected and stored for reference.

The following applications were unavailable
for review as the developer did not allow access:
My Mobility, Bbraun, Velys Patient Path — DePuy,

RPM — Corin, My Recovery - Future Health Works,
Care4Today Patient Information — Johnson & Johnson

Each app was assessed using the Mobile App
Rating Scale (MARS) and the System Usability
Scale (SUS) rating scales. The MARS questionnaire'®
consists of 23 items divided into five sections: user
engagement, functionality, aesthetics, information
quality, and subjective reviewer quality. Previous
research evaluating mHealth apps in arthroplasty
using MARS has demonstrated excellent inter-rater
reliability'® and shown validity in its effectiveness as
a quality assessment tool’.

As MARS does not fully capture user-friendliness,
the System Usability Scale (SUS) was also used which
is a ten-item Likert scale providing a global measure
of perceived usability's. It is the most widely applied
tool for assessing user-friendliness, having been used
in at least 12 studies of health-related apps'’, and has
consistently been shown to be reliable??!.

Three authors (GD, AA and SH) undertook training
in the use of the rating scales using the MARS online
training package®, which uses sample websites to
compare the researcher against the creator’s rating (to
verify inter-rater reliability), and written documentation
regarding SUS from the scale’s creator'®.

Two authors (GD and AA) independently evaluated
each app using both scales on 26 May 2022. Any
significant discrepancies between their ratings
were resolved through discussion, and unresolved
differences were adjudicated by the third author (SH).

PATIENT QUESTIONNAIRE

To complement the systematic review, a patient
questionnaire (Appendix 2) was developed to ascertain
patient preferences and expectations regarding the
content and functionality of an ideal postsurgical
follow-up app. The questionnaire included Likert-
scale items addressing usability, communication
features, educational content, and rehabilitation
support. Following trialing, data collection was
conducted between 4th May 2022 and 8th June 2022
in the same orthopaedic clinic.

Inclusion criteria for patients:

1. Postoperative primary Total Hip or Total Knee
Arthroplasty

2. Between 6 weeks and 6 months following the
procedure

3. Can read, understand and write English

4. Owns and can use either a tablet or smartphone
device
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Apple Apps n= 205

| Google Apps n= 1429 |

Total apps n= 1634

i

| Duplicates removed Duplicates n= 881

Apps n=753

B

Not for patient use n= 18

Not in English language n= 2

Exclusion criteria
review 1

Not available in UK n=9

Irrelevant n= 655

i

Game based n=0

Total n=684

Exclusion criteria
review 2 16

No update within 18/12 n=

Apps n=35

No reference to THR/TKR  n=

Journal/conference n=0
Surgeon specific n=0

Not for arthroplasty n=12
Physio assessment n=6

Total n=34

15
| E— | Exclusi

on Final review |

Sensor required n= 2
Not working n=3

Total n=20

15 apps to review

Fig. 1 — PRISMA flow chart.

5. Can use the internet
6. Can understand the terminology used in the
questionnaire

Responses were analyzed for correlation and variance
using non-parametric tests, including Spearman’s rho,
Mann—Whitney U, and Kruskal-Wallis?*-*.

Institutional Review Board (IRB) approval was
not required for this study as it involved a systematic
review of publicly available smartphone applications
and an anonymized voluntary patient questionnaire
conducted as part of routine clinical service evaluation,
in accordance with institutional and national ethical
guidelines.

RESULTS

Systematic Review of Available Applications

A total of nine applications met the inclusion criteria
and were reviewed for quality and usability. The
MARS and SUS scores are presented in Tables II and
III, respectively.

Correlation between the overall MARS and SUS
scores was assessed using a two-tailed Spearman
correlation test. The result was significant (p = 0.049),
indicating a positive alignment between the scores
obtained from both rating scales.

Inter-rater reliability between the two assessors
(GD and BH) was evaluated using a two-way mixed
effects intraclass correlation coefficient (ICC) model.
The ICC for the overall MARS rating was 0.979
(95% confidence interval [CI] 0.906-0.995), and for
the SUS rating it was 0.984 (95% CI 0.931-0.996),
demonstrating excellent agreement between raters.

The MARS and SUS values reported represent the
mean of both reviewers’ ratings.

PATIENT QUESTIONNAIRE

A total of 150 patients were invited to participate
in the questionnaire survey. Of these, 102 patients
completed the questionnaire (52 post-TKR and 50
post-THR). Four patients declined participation, and
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Table I. — Hip and knee arthroplasty rehab applications Synchronous(real time video)/Asynchronous( web based application)— Final Cohort.

App Name App store | THR, | Star | No: of users giving | Synchronous or | No: of Free Last Version
TKR or | Rating star rating Asynchronous users /Costs update
Both /5

Curovate Apple & | TKR 33 187 Synchronous 10,000+ Free trial 1-5-22 1.2.4
Canada — UK Google Subscription
version from £7.99
Expy Physical | Apple & | Both 5 9 Synchronous & 50+ Free. Physio 6-6-21 2.0.0
therapy Google Asynchronous telehealth
USA - UK payments.
version
My recovery Apple & | Both 3.8 303 Synchronous & | 10,000+ | Free via PIN 30-5-22 | 4.12.1
(including joint | Google Asynchronous from institution
school app by
my recovery)
UK
ZB (Zimmer Apple & | Both 33 77 Synchronous & | 5000+ Free 30-10-21 34.1
Biomet) Google Asynchronous
MyMobility
USA - UK
version
Corin RPM Apple & | Both | None No reviews Synchronous & 500+ Free via PIN 19-5-22 | 4.12.0
UK Google Asynchronous (for patients

with Corin

implants)
Velys patient Apple & | Both | None No reviews Synchronous & 100+ Free via PIN 19-5-22 5.1.0
path Google Asynchronous (for patients
UK with DePuy
implants)

For patient app Apple Both | None No reviews Synchronous & 100+ Free via PIN 1-3-22 1.2.10
Bbraun and Goo- Asynchronous (for patients
Germany — UK gle Bbraun
version implants)
TrackActive me | Apple & | Both 4.7 13 Synchronous & | 1000+ Free trial 7 27-1-22 1.13.0
UK Google Asynchronous days. £4.99

month after
Pocket Physio Apple & | Both | None No reviews Asynchronous 500+ Free 26-11-20 1.0.4
UK Google

nine were later deemed ineligible (despite initially
consenting) due to factors such as not owning a
smartphone or computer or lacking internet access.
Participant demographics are presented in Table IV.

Patients’ preferences for general healthcare
app features are summarized in Table S1, while
preferences for specific postoperative recovery and
rehabilitation features are shown in Table S2.

The influence of gender and age on responses
within the THR and TKR groups was assessed using
Mann—Whitney Uand Kruskal-Wallis tests. The
Mann—Whitney analysis revealed no significant
gender differences among TKR patients. In the
THR cohort, the only significant finding was that
male patients were more likely to use the internet
for health-related information than females (p =
0.031).

Differences associated with age were more marked.
The Kruskal-Wallis test indicated that younger TKR
patients demonstrated significantly greater confidence
in searching for and downloading an app compared
with those over 60 years (p = 0.041), a finding
mirrored in the THR group (p = 0.008).

DISCUSSION
Quality and Usability of Existing Applications

Overall apps scored higher on functionality and
information content than engagement and aesthetics.
A significant correlation between quality and usability
was observed (p=0.049) supporting the complementary
use of MARS and SUS for evaluation.

SUS scores varied between apps, ranging from
scores out of 100 of 95 (Healthzone Fife) down to 51.25
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Table II. — MARS scores for assessed apps.

App Name MARS A MARS B MARS C MARS D MARS E MARS Mean score
Engagement | Functionality | Aesthetics | Information | Subjective Quality A+B+C+D
1. Curovate 4 3.5 4.17 4.17 4 3.96
2. Expy PT 3.4 425 4.5 3.33 3 3.87
3. Health Zone NHS Fife 2.6 4.63 3.67 4.5 3.25 3.85
4. Patient Journey 2.8 4.25 3.33 4 2.75 3.60
5. My Recovery Joint school 34 4 3 3.8 2.5 3.55
6. Pocket Physio 2.7 4 3 4.1 2.75 3.45
7. Track Active Me 3.8 3 3.33 3.6 3 3.43
8. GPEP 2.6 4 3 34 2.5 3.25
9. RecovAware 34 3.13 3 2.6 1.75 3.03
Cumulative mean 1-9 3.19 3.86 3.44 3.72 2.83 3.55
Table II1. — SUS scores for assessed apps.
App Name Mean SUS score Mean SUS grade
1. Health Zone NHS Fife 95 A+
2. Pocket Physio 83.75 A
3. Curovate 82.5 A
4. Patient Journey 80 A-
5. Expy PT 80 A-
6. GPEP 77.5 B+
7. My Recovery Joint school 65 C
8. Track Active Me 62.5 D
9. RecovAware 51.25 F
Cumulative Mean 1-9 75.3 B
Table I'V. — Baseline characteristics of included patients.
THR TKR Total
Number of respondents 50 52 102
Number of Males 17 34 51
Number of Females 33 18 51
Number of patients at 6 week review 38 33 71
Number of patients at 6 month review 12 19 31
Modal age group 60-79 60-79 N/A
Number owning smartphone 46 47 93
No. owning Tablet computer 18 19 37
No. owning Laptop computer 22 26 48
No. owning desktop computer 10 15 25
No. owning 2 or more devices 34 33 67
No owning smartphone only 12 9 28

(RecovAware). Three apps score below the generally
accepted threshold of 80 (RecovAware, TrackActive
Me, My Recovery). The five above this threshold
were: Expy, Curovate, Patient Journey, Pocket Physio,
Healthzone Fife. The mean SUS score across all apps
was 75.3 (B grade on the Sauro-Lewis curved grading

scale)?, indicating performance was above ‘average’
but below ‘good’. Higher MARS scores tended to align
with higher SUS scores, reinforcing the relationship
between quality and usability.

Public star ratings in app stores (Table S3) showed
no correlation with MARS or SUS results, there was
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wide variance in the volume of users giving app
ratings (1-303 ratings per app) with two apps having
no available rating.

Regulatory oversight remains limited. None of the
reviewed apps possessed United Kingdom Conformity
Assessed (UKCA) accreditation. The Medicines and
Healthcare Products Regulatory Agency (MHRA)
provide guidance defining when an app qualifies
as a medical device?’. Apps incorporating patient
questionnaires or clinical measurements may require
such classification and marking. Additionally, the
National Institute for Health and Care Excellence
(NICE) has introduced evidence standards for digital
health technologies®® to guide developers, funders,
and commissioners integrating digital tools into the
UK healthcare system. NICE approval and UKCA
marking could improve both safety and market
acceptance for mHealth apps intended for NHS
integration.

Despite these findings, none of the reviewed
apps demonstrated patient input in their design—a
key element for usability and adoption. This study
represents the second comprehensive review of
postoperative THR and TKR applications, following
the work of Bahdori et al'®. Since then, progress
towards patient-centered app design has been limited.
The small body of literature that has emerged,
demonstrates patient co-design in mHealth apps
for knee arthritis'” and elective orthopaedics® has
successfully incorporated personalized exercises,
video calling and message supporting thereby
enhancing engagement. Current THR and TKR apps
do provide valuable features—such as range of motion
measurement, step count, patient-reported outcome
measures (PROMs), goal setting, and telehealth
options—which facilitate home-based rehabilitation
and real-time data collection. However, these
apps generally lack personalization, local pathway
integration, and an evidence-based foundation.

Patient Preferences and App Adoption

The patient survey (n = 102) indicated that user-
friendliness is the most highly valued feature of
a healthcare app (Table S1). Regular internet use
correlated strongly with confidence in using apps,
prior healthcare app experience, and willingness to
adopt an app for postoperative recovery (p < 0.01).
Variance was observed between TKR and THR
patients. TKR patients with high internet and app
use did not necessarily prefer app-based treatment,
suggesting continued reliance on in-person
physiotherapy and consultant reviews (p = 0.83 &

0.48). However, TKR patients willing to engage with
technology were more likely to share data with third-
party providers (p <0.05). THR patients demonstrated
more pronounced relationships: those confident with
technology expressed a willingness to use apps in
lieu of healthcare professional visits (p < 0.05) and
believed apps could reduce treatment costs (p < 0.05).
Patients preferring apps over physiotherapy similarly
preferred them over consultant or GP visits (p <0.01).

Patients’ app feature preferences (Table S1) focused
on practical recovery tools, ranking exercise videos,
practical advice, and contact information highest.
Lower-ranked but beneficial features include photo
upload, inclinometer, telemedicine, and pedometer
functions. Lifestyle tools such as weight management
and smoking cessation were least valued, likely
reflecting prioritization of immediate postoperative
recovery over long-term health management. Apps
that were free of charge were consistently preferred.

Pain following TKR persists for at least three
months in more than 20% of patients®, with risk
factors including female sex, younger age, and higher
preoperative pain levels. This may explain the greater
desire for ongoing clinical support among TKR
patients compared to THR patients.

Age also influenced technology engagement:
patients under 60 reported higher confidence and
greater use of technology, consistent with prior
research?!. Gender had minimal impact, aside from
males being more likely to seek health information
online (p = 0.031). However, overall, procedure type
(THR vs. TKR) had a greater influence on technology
adoption than demographic variables.

Integration of Findings and Implications

Taken together, these results highlight a mismatch
between app quality and patient expectations. While
several apps offer functional tools for rehabilitation,
they often lack features that patients value most, such
as personalized guidance, local pathway integration,
and clear evidence-based content. Access to accurate
information via technology can increase patient
engagement with rehabilitation programs®, while
direct interaction with healthcare professionals
for individualized support can further improve
satisfaction, clinical outcomes®, and self-efficacy?*.
Incorporating patient input into app design is
therefore essential to enhance usability, engagement,
and adoption. Proper integration of mHealth apps
into postoperative care could facilitate cost-effective,
home-based rehabilitation, real-time PROMs
collection, and enhanced patient satisfaction.
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Data security and confidentiality are also critical
considerations. Prior studies indicate that up to 80%
of healthcare apps fail to meet appropriate security
standards®, highlighting the need for regulatory
oversight and standardized quality assessment to
ensure safe implementation in clinical practice.

Limitations

The primary limitation of this study is that participants
were recruited from a single clinic within a tertiary
center and therefore may not be representative of
broader populations. Additionally, completing the
survey required the ability to read and understand
the questionnaire, which may have introduced bias
related to ethnicity, culture, or socioeconomic status.
Consistent with previous research, older patients were
less likely to engage with technology compared with
those under 60 years of age®!.

CONCLUSION

This study represents the first attempt to combine a
systematic review of THR and TKR apps with patient
qualitative evaluation to assess usability, quality,
and patient preferences. Overall, apps demonstrated
moderate quality, performing better in functionality
and information than engagement or aesthetics. None
incorporated patient input, and regulatory oversight
was limited, highlighting gaps in patient-centered
design.

Patients prioritized usability, practical recovery
tools, and personalized guidance. THR patients were
more willing to use apps in place of in-person follow-
up, while TKR patients often preferred ongoing
clinical support. Age and digital literacy influenced
adoption.

Current apps are unlikely to fully meet patient needs.
Incorporating patient co-design, evidence-based
content, and integration with local care pathways is
essential for enhancing engagement, supporting home
rehabilitation, and improving patient satisfaction.
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